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(54) Image display apparatus 



(57) An image display apparatus has a light source, 
a reflective display device, an illumination optical sys- 
tem for guiding light from the light source to the display 
device to illuminate the display device, and a display 
optical system for guiding the light reflected by the dis- 
play device to the pupil of an observer to allow the 
observer to observe an image displayed on the display 
panel. The illumination optical system and the display 
optical system have an optical element shared in part or 
are arranged so as not to interfere with each other, 
thereby providing the image display apparatus of com- 
pact structure. Particularly, where the display optical 
system is a thin optical system having a plurality of 
decentered. reflecting, curved surfaces, the appropriate 
illumination optical system is arranged, thereby provid- 
ing the thin image display apparatus using the reflective 
display device. 
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Description 

BACKGROUND OF THE INVENTION 
5 Held of the Invention 

[0001] The present invention relates to an image display apparatus, which is suitably applicable, for example, to 
head-mounted displays, goggle type displays, etc. designed so as to observe an enlarged image of image information 
displayed on a reflective liquid-crystal display element as a display element through an optical element having a free 
10 curved surface properly set 

Related Background Art 

[0002] A variety of proposals have been made heretofore for the head-mounted image observing apparatus (image 
is display apparatus), which are so called head-mounted displays, in such structure as to permit an observer to observe 
an enlarged virtual image of the image information displayed on the image display device of liquid crystal or the like, for 
example, by use of an optical element having an entrance surface, a plurality of reflective surfaces, and an exit surface 
in surfaces of a transparent material. 

[0003] For example. Japanese Patent Application Laid-Open Nos. 7-333551 , 8-50256, 8-1 60340, 8-1 79238 and 8- 
20 2341 37, etc. suggest the image observation apparatus the overall scale of which is decreased by using an LCD (liquid 
crystal display) as a display means for displaying the image information and using a compact prism as an observation 
optical system. 

[0004] Rg. 1 is a schematic diagram of the major part of the image observation apparatus suggested in Japanese 
Patent Application Laid-Open No. 7-333551. In Rg. 1, light emitted from the LCD 51 is made incident to the entrance 

25 surface 53 of compact prism 52. Then the light is folded between a totally reflecting surface 54 with curvature, formed 
in the compact prism 52, and a reflecting surface 55 and thereafter the light is made to emerge from the compact prism 
52 to be guided to the observer E. This results in forming a virtual image of the image information displayed on the dis- 
play means (LCD) 51 and thus permits the observer E to observe the virtual image. The reflecting surface 55 of the 
compact prism 52 is comprised of an eccentric, free, curved surface, which is a decerrtered, rotationally asymmetric 

30 surface (a surface with different optical powers depending upon azimuths; a so-called free curved surface). 

[0005] Rg. 2 is a schematic diagram of the major part of the image observation apparatus using a conventional, 
coaxial, concave mirror. In the same figure the light from the image information displayed on the display device 61 is 
reflected by a half mirror 62 and then is made incident to the concave mirror 63. The light reflected by the concave minor 
63 is guided through the half mirror 62 to the observer E. The image information cSsplayed on the display device 61 is 

35 formed as an enlarged virtual image by the concave mirror 63. This permits the observer to observe the enlarged virtual 
image of the image information displayed on the display device 61 . 

[0006] The optical system of the type illustrated in Rg. 1 has such a feature that it is easier to decrease the overall 
scale of the apparatus and to increase the field of view than in the type using the conventional, coaxial, concave mirror 
illustrated in Rg. 2. 

40 [0007] There are particular desires for the decrease in the scale and weight of the whole apparatus, because the 
image observation devices such as the head-mounted displays, the goggle type displays, and the like are mounted on 
the head. Another important issue is to widen the field of view in order to provide the observation of image information 
displayed on the display means with strong appeal. 

[0008] In the case of the image observation apparatus such as the head-mounted displays (HMD), the goggle type 
45 displays, and the like of the type as illustrated in Rg. 1 , where the display device is constructed of a reflective display 
device (for example, a reflective, ferroelectric, liquid crystal display device), which has a high aperture ratio and which 
is advantageous in the decrease of scale, it is necessary to interpose an illumination system 70 for illuminating the dis- 
play device 51 between the display device 51 and the entrance surface 53 of the compact prism 52, as illustrated in Rg. 
3. 

so [0009] Here the illumination system 70, for example, has a light source 71 , a condenser lens 72 for condensing the 
light from the light source 71 and converting it into parallel light, a prism 73 including a half mirror surface 73a for reflect- 
ing the light from the condenser lens 72 to illuminate the display device 51 , and so on. In the image observation appa- 
ratus the use of the reflective cGsplay element requires the placement of the illumination system for illuminating it 
between the display device 51 and the compact prism 52 and thus requires increase in the space between the prism 

55 52 and the display device 51 , as illustrated in Rg. 3. Therefore, there arise problems that the feature of this type is not 
taken advantage of and that it is cfifficutt to decrease the size and weight and to increase the field of view. 
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SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to provide an image display apparatus that permits th observer to 
observe the image information in a wide field of view and with good image quality while achieving th compactification 
5 of the whole apparatus, by property setting an optical system from light source means to display means (an illumination 
optical system) and an optical system for guiding the light from the display means to the observer's eye (a display opti- 
cal system), in observing the image information displayed on the cfisplay means such as a liquid crystal display or the 
like. 

[0011] Another object of the present invention is to provide an image display apparatus suitably applicable as a 
10 head-mounted display that permits the observer to observe the image information displayed on the liquid crystal cfisplay 
in good order while achieving the compactification of the whole apparatus, by such structure that when the image infor- 
mation displayed on the liquid crystal display is observed using, for example, the reflective liquid crystal display as 
image display means and using, for example, an optical element having integrally formed surfaces of an entrance sur- 
face to which light from the liquid crystal display element is made incident, a decentered, curved, reflecting surface for 
is reflecting the light entering the entrance surface, and an exit surface from which the light from the curved, reflecting sur- 
face is made to emerge, as display optical system, an illumination device for illuminating the liquid crystal display is 
properly set in accordance with the feature of the enlarging cfisplay system. 

[001 2] An image display apparatus according to one aspect of the present invention is an image display apparatus 
comprising: reflective cfisplay means; an illumination optical system for making light from light source means obliquely 

20 incident to a display surface of the display means; and a display optical system for gukfing light from the display means 
to an observer to permit the observer to observe image information displayed on the display means, wherein a principal 
ray emerging from a central part of the display means is emergent obliquely from the cfisplay means, the cfisplay optical 
system comprises a decentered, rotationalty asymmetric, reflecting surface, the illumination optical system and the dis- 
play optical system share at least one optical element, and at least one surface of the optical elements) shared is a 

25 curved surface. 

[001 3] An image display apparatus according to one aspect of the present invention is an image display apparatus 
comprising: a reflective display device; an illumination optical system for guiding light from light source means to the 
display dance; and a display optical system for guiding the light reflected by the display device to the eye of an observer 
to allow the observer to observe an image, wherein at least one surface of the display optical system is a decentered, 
30 rotationally asymmetric, reflecting surface, a principal ray of display light at a center of a field of view from the cfisplay 
device is emergent at a predetermined angle relative to a normal to a display surface of the display device, the illumi- 
nation optical system and the display optical system share an optical element, and at least one surface of the optical 
element is a curved surface. 

[0014] In one aspect of the present invention, the surface of the optical element is a rotationally asymmetric sur- 
as face. 

[0015] In one aspect of the present invention, the optical element comprises a surface acting as a transmitting sur- 
face in an optical path of the display optical system and acting as a reflecting surface in an optical path of the illumina- 
tion optical system. 

[001 6] In one aspect of the present invention, the surface of the optical element acts as a surface having a positive 

40 power in both of the display optical system and the illumination optical system. 

[0017] In one aspect of the present invention, the surface of the optical element is a curved surface. 
[001 8] In one aspect of the present invention, the reflective display device is a ferroelectric liquid crystal display. 
[001 9] An image observation apparatus according to one aspect of the present invention is an image display appa- 
ratus wherein light from light source means is guided via a first prism of a single medium having three or more optical 

45 surfaces comprising a decentered surface, to illuminate reflective display means obliquely, and light emerging obliquely 
from the cfisplay means is guided via part of the optical surfaces of the first prism and via a second prism of a single 
medium having three or more optical surfaces comprising a decentered surface to an observer, whereby the observer 
is allowed to observe image information displayed on the display means. 

[0020] In one aspect of the present invention, the first prism comprises an entrance surface to which the light from 
so the light source means is incident, a half mirror surface comprised of a rotationally asymmetric surface for reflecting part 
of light from the entrance surface, and an exit surface from which light reflected by the half mirror surface emerges 
toward the display means. 

[0021] In one aspect of the present invention, the light from the display means is incident through the exit surface 
of the first prism, the light then travels through the half mirror surface and emerges from the first prism, and thereafter 
55 the light is incident to the second prism. In one aspect of the present invention, the second 

[0022] prism comprises an entrance surface to which the light from the half mirror surface of the first prism is inci- 
dent a totally reflecting surface for totally reflecting the light from the entrance surface, a reflecting surface comprised 
of a rotationally asymmetric surface for reflecting the light from the totally reflecting surface, and an exit surface having 
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the same shape as the totally reflecting surface, from which the light from th reflecting surface emerges. 
[0023] An image display apparatus according to one aspect of the present invention is an image display apparatus 
comprising: reflective display means; an illumination optical system for making light from light source means incident to 
a display surface of the display means; and a display optical system for guiding light from the display means to the pupil 
5 of an observer to allow the observer to observe image information displayed on th display means, wherein th illumi- 
nation optical system guides the light from the light source means via a prism of a triangular prism shape making use 
of a totally reflecting surface to the display means, the display optical system guides the light from the display means 
through the totally reflecting surface of the prism to the observer, and an angle between the totally reflecting surface 
and the display surface of the display means is set so as to satisfy the following condition: 

10 

(Dy/Ly) • Wy° < e < 40° 

where Dy represents the diameter of the exit pupil formed by the display optical system in the y-direction. Ly represents 
an effective image display size in the y-direction, and Wy represents a field of view in the y<lirection. 
is [0024] In the image display apparatus according to one aspect of the present invention, a prism vertex angle P8 of 
the prism is set to satisfy (Dy/Ly) • Wy° < Pe < 40° . 

[0025] An image display apparatus according to one aspect of the present invention is an image display apparatus 
comprising: light source means; reflective display means; an illumination optical system for guiding light from the light 
source means to the display means; a display optical system for gukfing the light reflected by the display means to the 

20 pupil of an observer and making the observer recognize a virtual image formed thereby as an enlarged image of an 
image displayed on the display means; and an optical member comprising an optical surface acting to totally reflect light 
when guiding the light from the light source means to the display means and acting to transmit light when guiding the 
light reflected by the (Ssplay means to the pupil, wherein an angle e between the optical surface and an image display 
surface of the display means is set to satisfy 0 < 45°. 

25 [0026] In the image display apparatus accord ng to one aspect of the present invention, the display optical system 
comprises an optical element making use of a plurality of reflecting surfaces and each of the reflecting surfaces forming 
the optical element is comprised of a surface decentered from a principal ray at a center of a field of view. 
[0027] In the image display apparatus according to one aspect of the present invention, at least one optical surface 
forming the optical element is a rotational ly asymmetric surface. 

30 [0028] In the image display apparatus according to one aspect of the present invention, one of the rotationally 
asymmetric surfaces comprises an optical surface acting as a totally reflecting surface and also as a transmitting sur- 
face. 

[0029] In the image display apparatus according to one aspect of the present invention, the optical member is com- 
prised of a prism in which an entrance surface, a reflecting surface, and an exit surface are formed integrally, and the 
35 light from the light source means is guided into the entrance surface, is reflected by the reflecting surface, and is guided 
out of the exit surface toward the display means. 

[0030] In the image display apparatus according to one aspect of the present invention, at least a partial area 
makes use of total reflection, out of reflection on the reflecting surface of the optical member. 
[0031] In the image display apparatus according to one aspect of the present invention, the optical member com- 
40 prises at least one curved surface. 

[0032] In the image cfisplay apparatus according to one aspect of the present invention, the illumination optical sys- 
tem comprises at least one rotationally asymmetric surface. 

[0033] In the image display apparatus according to one aspect of the present invention, the display means is a fer- 
roelectric liquid crystal panel. 

45 [0034] In the image display apparatus according to one aspect of the present invention, the light source means 
comprises a light source for emitting light of three colors of R, G, and B and the light source means emits the light in 
synchronism with image display on the display means. 

[0035] In the image display apparatus according to one aspect of the present invention, the light source comprises 
LEDs for emitting the light of the three colors of R, G, and B. 

so [0036] An image display apparatus according to one aspect of the present invention is an image display apparatus 
comprising: reflective display means; an illumination optical system for making light from light source means incident to 
a display surface of the display means; and a display optical system for guiding light from the display means to the pupil 
of an observer to allow the observer to observe image information displayed on the display means, wherein the illumi- 
nation optical system guides the light from the light source means via an optical member making use of a totally reflect- 

55 ing surface to the display means and the display optical system guides the light from the display means through the 
totally reflecting surface of the optical member to the observer. 

[0037] In the image display apparatus according to one aspect of the present invention, the display optical system 
comprises an optical element making us of a plurality of reflecting surfaces and each of the surfaces forming the opti- 
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cal element is comprised of a surface decentered from a principal ray at a center of afield of view. 

[0038] In the image cfisplay apparatus according to one aspect of the present invention, at least one optical surface 

forming the optical element is comprised of a rotationally asymmetric surface. 

[0039] In the image display apparatus according to one aspect of the present invention, one of the rotationally 
5 asymmetric surfaces comprises an optical surface acting as a totally reflecting surface and also as a transmitting sur- 
face. 

[0040] tn the image display apparatus according to one aspect of the present invention, the optical member is com- 
prised of a prism in which an entrance surface, a reflecting surface, and an exit surface are formed integrally, and the 
light from the light source means is guided into the entrance surface, is reflected by the reflecting surface, and is guided 

10 out of the exit surface toward the display means. 

[0041] In the image display apparatus according to one aspect of the present invention, at least a partial area 
makes use of total reflection, out of reflection on the reflecting surface of the optical member. 
[0042] tn the image display apparatus according to one aspect of the present invention, the optical member com- 
prises at least one curved surface. 

15 [0043] In the image display apparatus according to one aspect of the present invention, the illumination optical sys- 
tem comprises at least one rotationally asymmetric, curved surface. 

[0044] In the image display apparatus according to one aspect of the present invention, the display means is a fer- 
roelectric liquid crystal display. 

[0045] In the image display apparatus according to one aspect of the present invention, the light source means 
20 comprises a light source for emitting light of three colors of R, G, and B and the light source means emits the light in 
synchronism with image display on the display means. 

[0046] In the image display apparatus according to one aspect of the present invention, the light source comprises 
LED elements for emitting the fight of the three colors of R, G. and B. 

[0047] An image display apparatus according to one aspect of the present invention is an image display apparatus 
25 comprising: a reflective display element; an illumination optical system for making light from light source means incident 
to a display surface of the display means; and a display optical system for guiding light from the display means to the 
pupil of an observer to allow the observer to observe image information cfisplayed on the display means, wherein the 
display optical system is arranged so as not to interfere with an illumination optical path running from the light source 
means to the display means and the illumination optical system is arranged so as not to interfere with a display optical 
30 path running from the display means to the display optical system. 

[0048] tn the image display apparatus accorcfing to one aspect of the present invention, the display optical system 
comprises a plurality of reflecting surfaces and each of the plurality of reflecting surfaces is comprised of a surface 
decentered from a principal ray at a center of a field of view. 

[0049] In the image display apparatus accorcfing to one aspect of the present invention, the display optical system 
35 comprises an optical surface acting as a totally reflecting surface and also as a transmitting surface. 

[0050] In the image display apparatus according to one aspect of the present invention, a reflection film is formed 

in part of the surface functioning as a totally reflecting surface and also as a transmitting surface. 

[0051] tn the image cfisplay apparatus according to one aspect of the present invention, at least one optical surface 

forming the display optical system is comprised of a rotationally asymmetric surface. 
40 [0052] tn the image display apparatus according to one aspect of the present invention, the reflective cfisplay means 

is a ferroelectric liquid crystal display. 

[0053] In the image display apparatus according to one aspect of the present invention, polarizing plates whose 
axes of polarization are approximately perpendicular to each other are placed between the light source means and the 
display means and between the display means and the display optical system. 
45 [0054] In the image display apparatus according to one aspect of the present invention, a ray traveling from the light 
source means to the display means intersects with a ray traveling from the display means to the display optical system 
only on the display means. 

[0055] An image display apparatus according to one aspect of the present invention is an image display apparatus 
comprising: reflective display means; an illumination optical system for making light from light source means incident to 

so the display means; and a display optical system for guiding light from the display means to an observation position of 
an observer, the display optical system comprising a plurality of decentered, reflecting surfaces each having an optical 
power, wherein a principal ray at a center of a field of view, passing a center of an exit pupil of the display optical system, 
is emergent at a predetermined angle relative to a normal to an image display surface of the display means. 
[0056] In the image display apparatus according to one aspect of the present invention, the display optical system 

55 comprises an optical element in which an entrance surface, a plurality of decentered, curved, reflecting surfaces, and 
an exit surface are made in surfaces of a material. 

[0057] In th image display apparatus according to one aspect of the present invention, the decentered, reflecting 
surfaces each with the optical power forming th display optical system ar rotationally asymmetric surfaces. 
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[0058] In the image display apparatus according to one aspect of the present invention, the illumination optical sys- 
tem comprises an optical element having a positiv power and being independent of the cfisplay optical system. 
[0059] In the image display apparatus according to one aspect of the present invention, the illumination means 
turns on light of the three primary colors of R, G, and B in time series in synchronism with image display on the display 
5 means, thereby implementing color display. 

[0060] In the image display apparatus according to on aspect of the present invention, the display means is a fer- 
roelectric liquid crystal panel. 

[0061 ] In the image display apparatus according to one aspect of the present invention, the illumination optical sys- 
tem comprises a first polarizing plate for forming illumination light linearly polarized in a predetermined direction and the 
10 display optical system comprises a second polarizing plate whose axis of polarization is approximately perpencficular 
to that of the first polarizing plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

is [0062] 

Fig. 1 is a schematic diagram of the major part of the conventional image display apparatus; 

Fig. 2 is a schematic diagram of the major part of the conventional image display apparatus; 

Fig. 3 is a schematic diagram of the major part of the conventional image display apparatus; 
20 Fig. 4 is a schematic diagram of the major part of an embodiment according to an aspect of the present invention; 

Fig. 5 is a schematic diagram of the major part of an embodiment according to an aspect of the present invention; 

Fig. 6 is a schematic diagram of the major part of an embodiment according to an aspect of the present invention; 

Fig. 7 is an explanatory diagram of another embodiment of the embodiment illustrated in Fig. 4; 

Fig. 8 is an explanatory diagram of another embodiment of the embodiment illustrated in Fig. 4; 
25 Fig. 9 is a schematic diagram of the major part to show the basic structure of the image display apparatus accord- 
ing to a further aspect of the present invention; 

Fig. 10 is a schematic diagram of the major part of an embodiment according to a further aspect of the present 
invention; 

Fig. 11 is a schematic diagram of the major part of an embodiment according to a further aspect of the present 
30 invention; 

Fig. 12 is a schematic diagram of the major part of an embodiment according to a further aspect of the present 
invention; 

Fig. 1 3 is a schematic diagram of the major part to show the basic structure of an optical system of the image dis- 
play apparatus according to a further aspect of the present invention; 
35 Fig. 14 is a schematic diagram of the major part of an embodiment according to a further aspect of the present 
invention; 

Fig. 15 is a schematic diagram of the major part of an embodiment according to a further aspect of the present 
invention; 

Fig. 16 is a schematic diagram of the major part of an embodiment according to a further aspect of the present 
40 invention; and 

Fig. 17 is a schematic diagram of the major part of an embodiment according to a further aspect of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

45 

[0063] Fig. 4 is a schematic diagram of the major part of an embocfiment according to an aspect of the present 
invention. An image display optical system of the present embodiment has an illumination optical system 10 composed 
of a light source 1 1, a condenser lens 12, a diffuser plate 13, a condenser lens 14, a polarizing plate 15, and a prism 
L1 , and a display optical system 20 composed of a reflective display device (reflective display means) 2 such as a liquid 
so crystal display or the like, the prism L1 , a polarizing plate 21 , and a prism L2. 
[0064] Each of the elements will be described next 

[0065] The light emitted from the light source 1 1 comprised of an LED or the like is incident to the diffuser 1 3 while 
being condensed by the condenser lens 12, thereby forming a secondary light source. The light (divergent light) having 
passed through the diffuser 13 passes through the polarizer 15 while being condensed by the condenser lens 14. The 
55 light is converted into linearly polarized light by the polarizer 1 5 and the linearly polarized light is refracted by a surface 
(entrance surface) 16 to enter the prism L1. Part of the incident light is reflected by a hatf mirror surface 17 having a 
positive power, is refracted by a surface (exit surface) 18 while emerging from the prism L1, and then is incident to a 
display surface of the reflective cfisplay device 2 at a predetermined angle relativ to the normal to the display surface. 
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The surface 1 7 is constructed of a rotational ly asymmetric surface with different powers depending upon the azimuths 
about the surface vertex thereof, whereby correction is made for various aberrations appearing due to the decentered 
arrangement of the optical system. Each of th surface 16 and the surface 18 is comprised of a plan , a curved surface; 
an aspherical surface, or a rotationally asymmetric surface or the like. The prism L1 is constructed with three or more 

5 optical surfaces including a decentered surface. 

[0066] On the other hand, light transmitted by the half mirror surface 1 7 out of the light from the surface 1 6 is inter- 
cepted by the polarizing plate 21 whose axis of polarization is set perpendicular to that of the polarizing plate 15, 
whereby it is prevented from entering the prism L2. Since spreading of the illumination light is prevented by providing 
the surface 1 7 with the positive power, the size of the illumination optical system 1 0 is decreased thereby; for example. 

w the condenser lens 1 4 of smaller outside diameter can be used. 

[0067] The present embodiment employs a ferroelectric liquid crystal display as the reflective display means 2. 
Since the ferroelectric liquid crystal display has an excellent viewing angle property, a large angle can be set as an 
angle of incidence to or emergence from the display surface This accomplishes the increase of the field of view and 
can enhance the effect of the present invention. The polarization direction of the linearly polarized light which was 

75 made incident to the display surface of the reflective cfisplay means 2 by the illumination optical system 1 0, is selectively 
rotated according to a display image on the display means 2. When the display is off, the incident light is reflected while 
the direction of polarization is preserved. When the cfisplay is on, the incident light is reflected while the direction of 
polarization is rotated by 90°. Colors and gradations can be expressed, for example, by using LEDs of three colors of 
R (red). G (green), and B (blue) as the light source 1 1 , switching the display in synchronism with emission of each LED, 

20 and controlling the light intensity of each LED. 

[0068] Light emerging from (or reflected by) the display surface of the reflective Display element 2 at a predeter- 
mined angle relative to the normal to the display surface, is refracted by the surface 18 to enter the prism L1, then is 
refracted by the half mirror surface 1 7 with the positive power to emerge from the prism L1 , and then reaches the polar- 
izer 21 . The reflected light with the direction of polarization preserved by the display menas 2 is intercepted by the potar- 

25 izer 21 . On the other hand, the light with the direction of polarization rotated by the display means 2 passes through the 
polarizer 21 and then is refracted by the surface 22 to enter the prism L2. The incident light is then incident to a surface 
23 at an angle over the critical angle to be reflected totally. The reflected light is then reflected by a mirror surface 24 
having a positive power and is incident again to the surface 23 at an angle below the critical angle. The light is refracted 
to emerge from the prism L2 and be guided to the observer's eye E. Each of the surfaces 17, 18, 22, 23, and 24 has an 

30 optical power and they form an enlarged virtual image of the display means 2. Each of the surfaces 22, 23, and 24 is 
constructed of a rotationally asymmetric surface with different powers depending upon the azimuths about the surface 
vertex thereof, whereby the various aberrations due to the decentered arrangement of the optical system can be cor- 
rected for by the small number of optical elements. 

[0069] In the present embodiment the apparatus may also be modified in such structure, as illustrated in Fig. 7, that 
35 the surface 24 is constructed of a half mirror surface, a prism L4 is joined to the surface 24, and the light from the image 
displayed on the display means 2 and the light from an image of the external field is guided through the prisms L4, 12 
to the observer's eye E, so as to permit the observer to observe the both images. In Fig. 7 the optical system consisting 
of the surface 25, the surface 24, and the surface 23 constitutes an observation system for observing the image of the 
external field. 

40 [0070] In the present embodiment, as descrbed above, the illumination light is obliquely entered to and reflected 
from the display means 2, the illumination optical system 1 0 and the display optical system 20 share the optical element 
including the surfaces with power (the surface 18 and the surface 17), and the reflecting action and transmitting action 
are selectively used at one surface (the surface 17) forming the optical element This allows the setting of the small 
space between the optical element and the display surface and accomplishes the compact optical system with a wide 

45 field of view. 

[0071 ] In the present embodiment in addition to the prism L2, each of the surfaces 1 7, 1 8 of the prism L1 bears the 
power, thereby decreasing the powers allocated to the respective surfaces composing the optical system. This also 
suppresses occurrence of aberration to a low level and also decreases partial charge for aberration correction of each 
surface, so as to relax tolerances, thereby facilitating manufacturing of the apparatus. Further, in the case of the cfisplay 

so optical system being constructed of only the prism L2, if there is such a tendency that from the design aspect the power 
is too weak in the meridional direction (in the direction along the plane of the drawing in Fig. 4), the surface 17 will be 
constructed especially on the basis of an anamorphic surface with a stronger power in the meridional direction than in 
the sagittal direction (the direction normal to the plane of the drawing in Fig. 4), thereby improving the imaging perform- 
ance. Each of the surfaces 17, 18 may also be constructed of a rotationally asymmetric surface with different powers 

55 depending upon the azimuths about the surface vertex, which can improve the imaging performance mora 

[0072] Further, the present embodiment employs the two polarizing plates with the polarization axes thereof being 
perpendicular to each other, separately in the illumination optical system 10 and in the cfisplay optical system 20. but 
the present invention is not limited to this. 
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[0073] Fig. 5 is a schematic diagram of the major part of an embodiment according to a further aspect of the 
present invention. In the present embodiment on polarizing plate 1 9 is provided immediately before th reflective cfis- 
play element 2, as illustrated in Fig. 5. The embodiment illustrated in Fig. 5 has the same structure as the embodiment 
illustrated in Fig. 4, except that the polarizing plate 1 9 is placed instead of the polarizing plates 1 5, 21 and th ref lectiv 
5 display means 30 replaces the reflective display means 2. Therefore, the elements having the sam function ar 
denoted by the same reference symbols and the description thereof is omitted herein. 

[0074] The reflective display element 30 is different in control of polarization against incident light with on/bff of dis- 
play from the reflective display means 2. Namely, the linearly polarized light, which was made incident to the display 
surface of the reflective display means 30 by the illumination optical system 10a. is reflected with the polarization direc- 

io tion of the incident light being preserved when the display is made on by the reflective display means 30. When the dis- 
play is off, the light is reflected while the direction of polarization is rotated by 90°. Therefore, in the on state of the 
display the light reflected by the reflective display means 30 can pass through the polarizing plate 1 9, whereas it is inter- 
cepted by the polarizing plate 19 in the off state. In the case of this structure, the surfaces of the prism L2 are con- 
structed so that the light transmitted by the half mirror surface 1 7 out of the light from the surface 1 6 in the illumination 

is optical system 10a is guided along directions off the observer's eye E, as indicated by the dashed lines in Fig. 5. 
[0075] This structure allows the prism L1 to be made of a material with birefringence, and thus expands the range 
of selection of materials, thereby enabling further reduction of the scale and weight 

[0076] In the present embodiment the illumination system is constructed so that the light therefrom is obliquely 
entered to and reflected from the display device, but it may also be constructed so that the illumination light is normally 
20 entered to and reflected from the display device, for example, as illustrated in Fig. 8. The embodiment illustrated in Fig. 
8 has the same structure as the embodiment illustrated in Fig. 4, except that the prism L1a replaces the prism L1 
whereby the illumination light is normally entered to and reflected from the display surface of the display means 2. Thus 
the elements having the same function are denoted by the same reference symbols and the description thereof is omit- 
ted herein. This structure slightly increases the space between the optical element and the display surface, when com- 
as pared with that in the embodiment illustrated in Fig. 4, but this structure allows a display element with not so good 
viewing angule characteristic to be used as the cfisplay element 2. 

[0077] Fig. 6 is a schematic diagram of the major part of an embodiment according to a further aspect of the 
present invention. The image display apparatus of the present embodiment has the illumination optical system 40 com- 
posed of a surface light source 41, the condenser lens 14, the polarizing plate 15, and a lens L3 having a half mirror 
30 surface 31 , and the display optical system 50 composed of the reflective cfisplay means 2 such as the liquid crystal cfis- 
play or the like, the lens L3, the polarizing plate 21 , and the prism L2. The elements having the same function as in the 
embodiment illustrated in Rg. 4 are denoted by the same reference symbols and the description thereof is omitted 
herein. 

[0078] The ligjrt emitted from the surface light source 41 such as a light guide plate, a surface light-emitting ele- 
35 merit, or the like travels through the polarizing plate 15 while being condensed by the condenser lens 1 4. The polarizer 
15 converts the light into the linearly polarized light and part thereof is reflected by the half mirror surface 31 with a pos- 
itive power of the lens L3. The reflected light is incident at a predetermined angle relative to the normal to the display 
surface, to the display surface of the reflective display device 2. The surface 31 is constructed of a rotattonally asym- 
metric surface with different powers depending upon the azimuths about the surface vertex, whereby correction is made 
40 for the various aberrations due to the decentered arrangement of the optical system. 

[0079] On the other hand, the light transmitted by the half mirror surface 31 out of the light from the polarizer 1 5 
travels through a surface 32 and is intercepted by the polarizing plate 21 whose axis of polarization is perpendicular to 
that of the polarizing plate 15, whereby it is prevented from entering the prism L2. 

[0080] The light, which emerges from (or is reflected by) the display surface of the reflective display means 2 at the 
45 predetermined angle relative to the normal to the display surface, is re fra c te d by the lens L3 with the positive power (the 
surface 31 and the surface 32) and then reaches the polarizer 21 . The light reflected with the direction of polarization 
being preserved by the display means 2 is intercepted by the polarizer 21. On the other hand, the light reflected with 
the direction of polarization being rotated by the display element 2 travels through the polarizer 21 and is guided through 
optical paths similar to those in the case of the embodiment illustrated in Rg. 4, to the observer's eye E, thereby forming 
so an enlarged virtual image of the display element 2 thereon. 

[0081 ] This structure can realize the compact optical system with the wide field of view as in the case of the embod- 
iment illustrated in Fig. 4, can decrease the powers allocated to the respective surfaces constituting the optical system, 
can suppress occurrence of aberration to a low level, can also decrease partial charge for aberration correction of each 
surface, and can relax tolerances, thus facilitating manufacturing. 
55 [0082] The present embodiment can also employ the structures as illustrated in Fig. 5 and Rg. 7, of course, and it 
is thus noted that the structures of the present invention are not restricted by the placement of the polarizing plate(s) 
and the display method of the reflective display device. For example, when a liquid crystal display of the nematic type 
is used as th cfisplay means, it becomes possible to control angles of rotation of polarization and thus gradations can 
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be achieved by the angles of rotation of polarization. This can decrease the driving frequency of liquid crystal to a lower 
level. 

[0083] In the present embodiment th LED or the surface light source was used as the light source means, but th 
apparatus may also be constructed so as to make use of external light. 

[0084] Fig. 9 is a schematic diagram of the major part to show the basic structure of the image display apparatus 
according to a further aspect of the present invention. In th figur L2 represents an optical element constituting part of 
the display optical system (enlarging optical system), which has the first, second, and third optical surfaces (which will 
also be referred to as "surfaces") Sa, Sb, Sc each comprised of a plane, a curved surface, an aspherical surface, or a 
rotational ly asymmetric surface or the like. Each surface Sa, % or Sc has a symmetric shape with respect to one YZ 
plane (a symmetry plane, which corresponds to the plane of the drawing in the present embodiment). The optical ele- 
ment may also be arranged to have three or more surfaces. S indicates the exit pupil formed by the display optical sys- 
tem which is the desired pupil position of the observer 1 . 

[0085] Numeral 2 denotes the image display means (display device) comprised of a reflective LCD, and 2a does a 
display surface (liquid crystal surface) thereof. Since the apparatus is constructed in such structure that the light from 
the illumination optical system LE is incident obliquely to the LCD 2 to be reflected and that the light obliquely emerging 
therefrom is guided to the enlarging optical system (display optical system) as described below, the image cfisplay 
means 2 in the present invention needs to have a wide viewing angle characteristic. In order to meet this need, for 
example, the ferroelectric liquid crystal (FLC) is used. The image display means may also be constructed using the TN 
liquid crystal or the like with an improved viewing angle characteristic in combination with a phase compensator. 
[0086] LS represents the light source means which consists of a light source 1 1 , lens 12, and diffuser 13. A light 
from the light source 1 1 is condensed by the lens 12 and is diffused by the diffusing plate (diffuser) 13. The light source 
1 1 such as an LED or the like which emits monochromatic fi^it may be used in case of monochromatic display by the 
LCD2. Further, the light source 1 1 in which LEDs emitting three color limits of red, green and blue are formed on one 
chip may be used in case of color display by the LCD 2. The LEDs for emitting the three colors of R, G, and B are con- 
trolled to emit light in synchronism with the display of image on the reflective LCD 2, so as to enable to display a color 
image. 

[0087] Numeral 10 indicates the illumination optical system, which is composed of the lens 14 for condensing the 
light from the light source means LS through the polarizing plate 1 5, and the prism (optical member) L1 of the triangular 
prism shape for guiding the light transmitted by the lens 14 to the display surface 2a of the LCD 2. The surfaces Sd, Se 
forming the prism L1 also function as part of the display (enlarging) optical system 20 for guiding the light from the 
reflective LCD 2 to the pupil. The angle 6 between the reflecting surface Sd of the prism L1 and the display surface 2a 
of the LCD 2 is set to be less than 45°. The prism vertex angle P0 of the prism L1 is set to satisfy the foltowingconcfition: 

(Dy/Ly)*Wy°<P0 < 40° 

where 

Dy: the pupil diameter of the cfisplay optical system in the direction of the y-axis, 
Ly: the length in the y-direction of the effective display area of the LCD, and 
Wy: the view angle in the y-direction of the cfisplay device. 

[0088] The angles over the upper limit are not preferable, because the prism L1 becomes thick, while the angles 
below the lower limit are not preferable, either, because part of the illumination light is also totally reflected by the sur- 
face Se and an eclipse can occur when the observer intends to gaze at the peripheral part of the imaga 
[0089] The lens 14 is not limited to a single lens, but may also be composed of a plurality of lenses or concave mir- 
rors or the like. As exemplified in numerical examples described hereinafter, the lens 1 4 and the prism L1 may be joined 
to each other to compose one component 

[0090] Numerals 15 and 21 denote polarizing plates, which are arranged so that their axes of polarization are 
approximately perpendicular to each other, for example. It is noted here that the polarizing plates 1 5, 21 do not always 
have to be placed perpendicular to each other but they may be arranged in placement suitable for design conditions 
including the optical rotatory power of the LCD 2, the display mode, and so on. There are also cases wherein only one 
polarizing plate immediately before the display surface 2a suffices depending upon the type of the LCD 2 or the like, 
and thus the two polarizing plates are not essential. The polarizing plate 15 may also be placed between the lens 14 
and the prism L1. 

[0091 ] The third optical surface Sc in the optical element L2 has the shape of an aspherical surface symmetric with 
respect to the symmetry plane (YZ plane). The first optical surface Sa has th shape of a spherical surface or an 
aspherical surfac symmetric with respect to the symmetry plane (YZ plane), and is placed in an inclined state at such 
an angle as to totally reflect the light refracted by the third optically acting surface Sc. 
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[0092] The second optical sirface Sbisa mirror surface (with reflection film thereon) comprised of an aspherical 
surface of a strongly concave surface as a whole with respect to the symmetry plane (YZ plane), and is inclined relative 
to the light totally reflected by one area of th first optically acting surface Sa. The light reflected by th second optically 
acting surface Sb travels through the first optically acting surface Sa to reach the pupil S. 

[0093] Let us define a reference ray LO as a ray connecting approximate center positions of th light source means 
LS, th image display means 2, and the ptpil formed by the display optical system (enlarging optical system) 20. Then 
each of the surfaces Sa, Sb acting at least as a reflecting surface, out of the optical surfaces constituting the display 
optical system, is constructed of a surface inclined (or decerttered) with respect to the reference ray L0, whereby the 
optical element L1 is made thin in the direction of the z-axis. The reference ray L0 forms a principal ray at the center of 
the field of view of the display optical system (which will be referred to as a center principal ray). 
[0094] In order to correct for decerrtering aberration due to the inclined arrangement of the surfaces Sa, Sb with cur- 
vature relative to the reference ray L0, the surfaces Sato Scare constructed of rotationally asymmetric surfaces with 
different curvatures depending upon azimuths. 

[0095] Next described is the optical action in the basic structure of the embodiment of the present invention illus- 
trated in Rg. 9. As illustrated in Fig. 9, the light from the light source LS is aligned into a direction of polarization (for 
example, into s-polarized light) by the polarizing plate 15 and then the light is condensed by the lens system 14 com- 
prising the illumination optical system 10. Then the light is incident through the entrance surface Sf of the prism L1 
thereinto and is then reflected totally by the reflecting surface Sd. The reflected light emerges from the transmitting sur- 
face Se to illuminate the LCD 2 obliquely in the yz plane with respect to the normal to the display surface 2a of the LCD 
2. 

[0096] The light, which was modulated (properly rotated by each pixel) according to the image information and 
reflected by the tisplay surface 2a of the LCD 2, is then incident through the surface Se again into the prism L1 and 
travels this time through the surface Sd, which acted as a totally reflecting surface upon illumination, to emerge from the 
prism L1 toward the polarizing plate 21 . The polarizing plate 21 , for example, intercepts the s-polarized light from pixels 
without being rotated by the image display means 2, but transmits the p-polarized light from pixels with being rotated 
90° by the LCD 2, thereby {^Jicfing the light to the optical element L2. The ligjrt first travels through the third optical sur- 
face Sc toward the first optical surface Sa to be reflected totally by this surface Sa The reflected light travels toward the 
second optical surface Sb and is reflected into convergent light by this surface Sb. The convergent light again travels 
toward the first optical surface Sa and travels this time through this surface Sa to form a virtual image of the image dis- 
played on the image display means 2 and reach the pupil S of the observer 1 , whereby the observer is allowed to view 
the virtual image of the image information displayed on the liquid crystal display means 2. 

[0097] According to the present invention, as described above, the reflecting surface Sd of the prism L1 for guiding 
the illumination light to the LCD 2 is set at the angle less than 45° (preferably in the range of ( Dy/Ly) * Wy° to 40° ) with 
respect to the display surface 2a of the display element 2, whereby the distance from the LDC 2 to the optical element 
L2 forming the display optical system (enlarging optical system) is decreased, when compared with the system incor- 
porating the conventional 45° mirror. This enables to accomplish the compact and thin image display optical system 
while maintaining the sufficient field of view and eye relief in the structure incorporating the reflective dsplay device and 
the light source and illumination optical system for illuminating it. 

[0098] According to the present invention, as described above, the apparatus has the prism L1 with the surface Sd 
acting as a totally reflecting surface in the illumination optical system and acting as a transmitting surface in the display 
(enlarging) optical system, whereby the light from the light source 1 1 is guided to the observer's pupil S without passing 
through a half mirror or the like, thereby enabling to provide the bright image display optical system with high utilization 
efficiency of light 

[0099] In the basic structure of the present invention of Rg. 9, the apparatus may also be modified in such structure, 

as illustrated in Rg. 12, that the surface Sb of the optical element L2 is constructed of a half mirror surface, a prism PZ 

is joined to the surface Sb, and the light from the image displayed on the display means 2 and the light from the image 

of the external field is guided through the prism PZ and the optical element L2 to the observer's pupil S, so as to allow 

the observer to observe the both images. In Rg. 12 the optical system composed of a surface PZa, the surface Sb, and 

the surface Sa constitutes an observation system for observing the image of the external field. 

[0100] The structure of a further embocfiment based on the present invention will be described below. 

[0101] Rg. 10 is a structural diagram of the major part of an embodiment according to an aspect of the present 

invention. In the drawing, SS represents the pupil formed by the display (enlarging) optical system, and 12 an optical 

element, which has the first, second, and third optically acting surfaces (hereinafter also referred to as "surfaces") S1 , 

S2, and S3 comprised of rotationally asymmetric surfaces. All the surfaces are symmetric with respect to one YZ plane 

(the symmetry plane, which corresponds to the plane of the drawing in the present embodiment). 

[0102] Numeral 2 denotes a reflective LCD, S9 a display surface of the reflective LCD 2, and S8 a front surface of 

a cover glass of the LCD. 

[0103] Numeral 10 designates the illumination optical system, in which a prism L1 2 of the triangular prism shape 
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and a lens L1 3 of the plano-convex shape as optical members are joined to each other. S6 represents an optically act- 
ing surface which acts as a reflection surface in the illumination optical system and which acts as a transmitting surface 
in the display (enlarging) optical system The surface S6 has a reflection film in part and is arranged to totally reflect the 
illumination light from the light source LS in the other portions than the reflection film. S7 denotes a surface acting as a 
transmitting surface in the both of the illumination optical system and the display optical system, S10 a transmitting sur- 
face as a joint surface between the triangular prism L1 2 and the lens L1 3, and S11 a transmitting sirface with a positive 
power forming the lens L13. 

[0104] LS indicates a surface light source, which can be one property selected from the surface light source con- 
structed by placing the light emitting element and optical system on the back surface of the d'rffuser plate as described 
in the basic structure of the present invention, the combination of the light guide plate with the light emitting element 
placed on the side like the known back light source for transmission type LDC or the like, and the surface light-emitting 
light sources such as EL (electro luminescent) lamps or the like. For the color display, the apparatus can be constructed 
in structure using the elements with the R, G, and B-emrtting mechanisms and controlling the emission of the elements 
so that the R, G, and B emission of the elements is synchronized with the R, G, and B display on the LCD 2. SI repre- 
sents the light emitting surface (or a cfiffusing surface) of the surface light source LS. 

[01 05] Numerals 1 5 and 21 denote the polarizing plates whose axes of polarization are approximately perpendicu- 
lar to each other. The polarizing plate 15 has optical surfaces S12, S13, and the polarizing plate 21 has optical surfaces 
S4, S5. 

[0106] The aspherical shape of each optical surface S1 to S3 of the optical element L2 in the present embodiment 
is expressed using the following equation. 

z:=(l/R)*(x 2 +y 2 )/(l+(l-(l+Cl)*(l/R) 2 *(x 2 +y 2 ))( 1/2 ))+C2+C4* 
y+C5*( x 2 -y 2 )+C6*( -l+2*x 2 +2*y 2 )+C10*( -2*y+3*x 2 *y+3*y 3 )+Cll* 
( 3*x 2 *y-y 3 ) +C12* ( x 4 -6*x 2 *y 2 +y 4 ) +C13* ( -3*x 2 +4*x 4 +3*y 2 -4*y 4 ) + 
C14*(l-6*x 2 +6*x 4 -6*y 2 +12*x 2 *y 2 +6*y 4 )+C20*(3*y-12*x 2 *y+10*x 
4 *y-12*y 3 +20*x 2 *y 3 +10*y 5 )+C21*(-12*x 2 *y+15*x 4 *y+4*y 3 +10*x 2 * 
y^Sfcy 5 ) +C22* ( 5*x 4 *y-10*x 2 *^ 

y 6 )+C24*(-5*x 4 +6*x 6 +30*x 2 *y 2 -30*x**y 2 -5*y 4 -30*x 2 *y 4 +6*y 6 )+C2 
5*(6*x 2 -20*x 4 +15*x 6 -6*y 2 +15*x 4 *y 2 +20*y 4 -15*x 2 *y 4 -15*y 6 )+C26 
*(-l+12*x 2 -30*x 4 +20*x 6 +12*y 2 -60*x 2 *y 2 +60*x 4 *y 2 -3O*y 4 +6O*x 2 * 
y 4 +20*y 6 ). 



[0107] The data of the optical system in the present embodiment will be described below. The data will be 
expressed by defining a reference coordinate system as a coordinate system having the origin (0, 0, 0) at the center of 
the pupil SS of the display optical system and the direction of the z-axis illustrated along the optical axis and indicating 
Y, Z, and A as a y-coordinate, a z-coordinate, and an angle of rotation about the x-axis (whose positive direction is the 
counterclockwise direction on the plane of the drawing and whose unit is degrees) of a relative position of a coordinate 
system that defines each surface with respect to the reference coordinate system (note: the x-coordinate and rotation 
amounts about the y- and z-axes are always 0). 

[0108] In the data listed below, R represents the radius of curvature of a surface of interest, and Nd and Vd repre- 
sent the refractive index and Abbe's number after the surface of interest, ff light travels plural times through a single sur- 
face the data listed will represent those on the medium side except for air. ff a surface is used as a reflecting surface 
they will not be given. 

[0109] Each surface having the aspherical coefficients C1 , C2, ... is an aspherical surface (rotationally asymmetric 
surface) according to the aspherical equation defined in th present embodiment a surface with Rx is a tone surface, 
and each surface without these indications is a spherical surface. In a surface with the indication of aspherical coeffi- 
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dents, those not indicated are all 0. 

Y Z A 

SS 0.000 0.000 0.00 

R : <*> 

51 -21.055 22.714 -4.90 

R : -286.387 Nd: 1.5709 Vd: 33.8 

CI: 5.6951E+01 C5: 1.2624E-03 C6 : -1 . 0259E-05 

C10:-1.0063E-05 Cll:-1.1861E-04 Cl2:-1.2583E-06 

C13:-8.1437E-08 C14: -1 .5282E-07 C20: -3. 6312E-09 

C21:-6.6657E-09 C22:-1.2994E-08 C23:-1.8270E-10 

C24: 3.2026E-11 C25:-3.3331E-11 C26: 1.7955E-11 

52 -7.684 25.621 -34.58 
R : -60.499 

CI: 2.9063E+00 C5: -1.8798E-03 C6:-1.5350E-03 

C10:-2.1037E-05 CI 1: -4.209 2E-05 C12: -1 .4078E-06 
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10 



is 



20 



25 



30 



35 



40 



45 



50 



C13 : -8 . 7082K-07 C14 : 
C21 : -6 . 7412E-09 C22 : 
C24 : -1 . 2736E-10 C25 : 

53 13.586 29.712 
R : a> 0.000000 

C1:-1.0721B-13 C5: 
CIO: 1.0928E-03 Gll:- 
C13 : -1 . 3683E-06 C14 : 
C21: 7.8218E-06 C22:- 
C24: 5.3625E-08 C25:- 

54 13.083 31.875 
R : «<> 

55 13.257 31.974 
R : ~ 

56 13.604 32.173 
R : a, Nd : 1.5163 

57 15.140 33.052 
R : co 

58 15.463 33.616 
R : « Nd : 1.5740 

59 15.798 34.201 
R : « 

510 25.650 27.285 
R : co Nd : 1.6968 

511 25.933 21.066 
R : -10. 806 

512 28.713 19.939 



4.9603E-07 C20:- 
2.8031E-08 C23: 
2.2765E-10 C26: 
57.62 

3.4255E-03 C6:- 

-1.0503E-03 C12:- 

4.6612B-06 C20:- 

•7.1810E-06 C23:- 

-1.3562E-07 C26: 
60.21 

60.21 

60.21 
Vd : 64.1 
29.82 

29.82 
Vd : 55.0 
29.82 

112.08 
Vd : 55.5 
112.08 

112.08 



1.7039E-08 
4.2253E-10 
8.1350E-11 



6.4961E-03 
3.8101E-06 
7.4127E-06 
1.2202E-07 
1.6849E-08 



55 
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R : co 
S13 28.898 

R : » 
SI 29.825 

R : od 



y-directional pupil diameter Dy. 6.00 
y-directional LCD screen size Ly: 6.32 
y-directional view angle Wy: 21.2° 
angle 6 between surface S6 and surface S9: 30.39° 
vertex angle P0 of prism L21 : 30.39° 

(Dy/Ly)-Wy° = 20.13° 
..(Dy/Ly)-Wy° <6 <40° 
(Dy/Ly) • Wy° < P6 < 40° 

[01 1 0] The optical action in the present embodiment will be described next. As illustrated in Fig. 10, only the linearly 
polarized component of a specific direction, out of the light from the fight emitting surface SI of the surface light source 
LS, is transmitted by the surfaces S1 3, S1 2 of the polarizing plate 1 5. The transmitted light of the linearly polarized com- 
ponent is refracted and condensed by the convex surface S1 1 and is transmitted by the surface S10. Part of the light is 
reflected by the reflection film of the surface S6 and the rest is totally reflected to travel through the surface S7 toward 
the LCD 2 to reach the image display surface S9 through the front surface of the cover glass S8, thus illuminating the 
reflective LCD 2. 

[0111] The light modulated and reflected by the LCD 2 travels through the front surface of the cover glass S8 and 
through the surface S7 and the surface S6 of the triangular prism L12, and only light of the polarization component per- 
pendicular to the axis of polarization of the polarizing plate 1 5 travels through the surfaces S5. S4 of the polarizing plate 
21 in accordance with the degree of modulation. The transmitted light travels through the third optical surface S3 of the 
optical element L2 toward the first optical surface S1 to be totally reflected by this surface S1 toward the second optical 
surface S2. The light is reflected into convergent light by this surface S2 and the convergent light again travels toward 
the first optical surface S1 . Then the light is transmitted this time by this surface S1 to form a virtual image of the image 
displayed on the display element 2 and form the pupil (exit pupil of the display optical system) SS. 
[01 1 2] In the present embodiment part of the illumination fight is reflected and the rest is totally reflected by the sur- 
face S6 of the prism L1 2, whereby degrees of freedom of design can be increased with relaxing constraints on design. 
When the illumination system is constructed by joining the prism L12 to the lens L13 as in the present embodiment the 
structure presents the advantage of the decreased number of man-hours for assembly. 

[0113] Fig. 1 1 is a structural diagram of the major part of an embodiment according to a further aspect of the 
present invention. In the drawing, SS represents the ptpil formed by the display (entargng) optical system, and L2 an 
optical element which has the first second, and third optical surfaces (hereinafter also referred to as "surfaces") S1 , 
S2, and S3 comprised of rotationally asymmetric surfaces. All the surfaces are symmetric with respect to one YZ plane 
(the symmetry plane, which corresponds to the plane of the drawing in the present embodiment). 
[01 14] Numeral 2 denotes a reflective LCD, S9 a display surface of the reflective LCD 2, and S8 a front surface of 
a glass cover of the LCD. 

[0115] Numeral 1 0 designates the illumination optical system, in which the prism (optical member) L1 2 and the lens 
L13 are joined to each other. S6 represents an optically acting surface which acts as a reflecting surface in the illumi- 
nation optical system and which acts as a transmitting surface in the display (enlarging) optical system. The surface S6 
has a reflection film in part and is arranged to totally reflect the illumination light from the light source in the other por- 
tions than the reflection film S7 denotes a surface acting as a transmitting surface in the both of th illumination optical 



Nd : 1.4900 Vd : 50.0 

19.863 112.08 

19.487 112.08 
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system and th display optical system, S1 0 a transmitting surface as a joint surface between the prism L1 2 and the lens 
L13, and S11 a transmitting surface of a tone surface shape with a positive power forming the lens L13. 
[0116] LS indicates a surface light source, which can be one properly selected from the surface light source con- 
structed by placing the light emitting element and optical system on the back surface of the drffuser plate as described 
in the basic structure of the present invention, the combination of the light guide plate with the light emitting element 
placed on the sid like the known back light source for transmission type LCD or the like, and the surface light-emitting 
light sources such as the EL lamps or the like. For the color display, the apparatus can be constructed in structure using 
the elements with the R, G, and B-emrtting mechanisms and controlling the emission of the elements so that the R, G, 
and B emission of the elements is synchronized with the R, G, and B display on the LCD 2. SI represents the light emit- 
ting surface (or the diffusing surface) of the surface light source LS. 

[0117] Numerals 15 and 21 denote the polarizing plates whose axes of polarization are approximately perpendicu- 
lar to each other. The polarizing plate 1 5 has optical surfaces S12, S1 3, and the polarizing plate 21 has optical surfaces 
S4, S5. 

[0118] The aspherical shape of each optical surface St to S3 of the optical element 12 in the present embodiment 
is expressed using the following equation. 

2:»l/2*(l/a+l/b)*(y 2 *(cos(w)) 2 +x 2 )/cos(w)/(l+l/2*(l/a-l/ 
b)*y*sin(w)+(l+(l/a-l/b)*y*sin(w)-(l/a/b+l/4*(tan(w)) 2 *( 
l/a+l/b ) 2 )*x 2 ) ( 1/2 ) )+C20*x 2 +Cll*x*y+C02*y 2 +C30*x 3 +C21*x 2 *y+ 
C12*x*y 2 +C03*y 3 +C40*x 4 +C31*x 3 *y+C22*x 2 *y 2 +C13*x*y 3 +C04*y 4 + 



[0119] The data of the optical system of the present invention will be listed below. The notation for description of the 
data follows that in the embodiment illustrated in Fig. 10. 
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Y Z A 

5 SS 0.000 0.000 0.00 
R : • 

51 0.705 22.097 2.03 

70 

R: co 

Nd: 1.5709 Vd: 33.8 

15 a:-1.6001E-03 b: -2.0700E-03 w: 7.6561E+01 

C02:-1.2865E-03 C03: 3.1005E-04 C04:-1.7122B-05 

COS: 6.5409E-07 C06: -9.2795E-08 C20:-5.2450E-03 

20 C21: 3.0453E-05 C22:-3.9978E-05 C23: 4.3388E-07 

C24: 1.9170E-08 C40:-7.5988E-06 C41: -1.9544E-06 

25 C42 : -7 . 0198E-08 C60 : -3 . 0370E-08 

52 0.016 28.019 -24.09 
R : co 

30 
35 
40 
45 
50 
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15 



20 



25 



a : -2 . 1136E-02 b: -2 . 5257E-02 w: -3 . 1945E+01 
C02 : -2 . 888 9E-04 C03 : -1 . 4 933E-04 C04 : - 5 . 6307E-06 

5 

C05: 1.2648E-06 C06:-9.4413E-08 C20:-1.8636E-03 
C21:-3.3320E-05 C22: -7, 9416E-06 C23: 8.7542E-07 
10 C24:-7.7610E-0B C40: -2. 9596E-06 C41 : -3. 8702E-07 

C42 : -4 . 5477E-09 C60: -1 . 0830E-08 

53 13.307 26.240 57.17 
R : « 

a: 5.5954E-04 b: 3.5851E-03 w:-8 .4177E+01 
C02: 2.2738E-02 C03:-7.4198E-03 C04:-3.0192E-03 
COS: 1.4405E-04 C06: 6.0690E-05 C20: 5.4887E-03 
C21:-5.9630E-04 C22: 2.7278E-04 C23: 5.4823E-05 
C24:-6.4480E-06 C40:-2.9036E-04 C41: 1.6786E-05 
C42: 1.8299E-06 C60: 5.6970E-07 

54 14.147 26.782 68.65 

30 

R : » 

Nd : 1.4900 Vd : 50.0 
35 S5 14.333 26.855 68.65 

R : - 

56 14.613 26.964 68.65 
R : 70.000 

Nd : 1.5600 Vd : 61.0 

57 22.441 24.576 38.70 
R : • 

58 22.848 25.084 38.70 

50 R : co 

Nd : 1.5740 Vd : 55.0 



55 



40 



45 
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S9 23.238 25.571 38.70 

R : » 

510 20.506 22.316 108.65 
R : » 

Nd : 1.6968 Vd : 55.5 

511 22.223 21.640 110.90 
R :-62. 53018 

RX: -11. 50000 

512 25-400 20.427 110.90 
R : » 

Nd : 1.4900 Vd : 50.0 

513 25.587 20.356 110.90 
R : » 

SI 26.054 20.177 110.90 



y-directional pupil diameter Dy: 6.00 
y-directional LCD screen size Ly: 6.18 
y-directional view angle Wy: 21 .2° 
angle 0 between surface S6 and surface S9: 29.95° 

(Dy/Ly) • Wy° = 20.58° 

.\(Dy/Ly)*Wy° <0 <40° 

[0120] In the present embodiment since the surface S6 is a curved surface, 0 represents the angle made by the 
image display surface S9 and a tangent line to the surface S6 at a point of intersection between the surface S6 and the 
center principal ray at the center of the field of view (a ray traveling from the center of the pupil along the direction of the 
Z-axis, which is approximately equal to the reference ray LO used in the description of the basic structure of the present 
invention). 

[0121 ] The optical action in the present embodiment will be described below. As illustrated in Rg. 1 1 , only the line- 
arty polarized light component of a specific direction, out of the light from the light emitting surface SI of the surface light 
source LS, is transmitted by the surfaces S13, S12 of the polarizing plate 15. The linearly polarized light component 
thus transmitted is refracted and condensed at different angles between in the direction of the x-axis and in the direction 
of the y-axis by the tone surface Si 1 to travel through the surface S1 0. Part of the light is reflected by the reflecting film 
of the surface S6 and the rest is totally reflected thereby to travel through the surface S7 toward the LCD 2 and reach 
the image display surface S9 through the surface S8, thus illuminating the reflective LCD 2. 
[01 22] The light modulated and reflected by the LCD 2 travels through the surface S8 and through the surfaces S7, 
S6 of the prism L22 and the polarizing plate 21 transmits only the light of the polarization component perpencficular to 
the axis of polarization of the polarizing plate 15 in accordance with the degjee of modulation by the surfaces S5, S4. 
The transmitted light travels through the third optically acting surface S3 of the optical element L2 toward the first opti- 
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cally acting surface S1 and is totally reflected by this surface S1 toward the second optically acting surface S2. The light 
is reflected into convergent light by this surface S2 and the convergent light travels again toward the first optically acting 
surface S1 . Then the light is transmitted this time by this surface S1 to form a virtual imag of the image displayed on 
the display means 2 and form the pupil SS. 

5 [0123] In the present embodiment the surface S7 of the prism L12 is a convex surface with a power and the powers 
ar property allocated to the respective curved surfaces forming the enlarging optical system, which can decrease th 
sensitivity of each surface forming the optical element L2 and increase tolerances thereof. In the present embodiment 
the surface S1 1 forming the illumination optical system is the toric surface with different curvatures between in the x- 
direction and in the y-direction, so as to property correct for the difference between angles of incidence of principal rays 

io to the liquid crystal display surface in the x-direction and in the y-tirection in the display (enlarging) optical system, 
thereby increasing the illumination efficiency. 

[0124] Fig. 13 is a schematic dia&am of the major part to show the basic structure of the image display apparatus 
according to a further aspect of the present invention. In the drawing L2 represents an optical element constituting the 
display optica] system (enlarging optical system), which has the first, second, and third optical surface (also referred to 
is as "surfaces") S1, S2, S3 each comprised of a plane, a curved surface, an aspherical surface, or a rotational fy asym- 
metric surface or the like. S indicates the desired pupil position of the observer (which is the position of the exit pupil 
formed by the optical element L2). 

[01 25] Numeral 2 designates the reflective display means comprised of a reflective LCD, and 2a the display surface 
(liquid crystal surface) thereof. The display means 2 in the present invention is required to have a wide viewing angle 

20 property, because the apparatus is constructed to make the light from the illumination optical system incident obliquely 
to the LCD 2 and guide the reflected light obliquely emerging therefrom to the display optical system (enlarging optical 
system) L2, as described hereinafter. In order to meet this requirement, for example, the ferroelectric liquid crystal 
(FLC) is employed. The display means may also be constructed using the TN liquid crystal with an improved viewing 
angle property in combination with a phase compensator. 

25 [0126] Numeral 1 1 denotes the light source, which is comprised of a light source for radiating monochromatic light 
or white light, for example, in the case of the LCD 2 for rronochromatic display or which is comprised of a light source 
with LEDs for emitting the three colors of R, G, and B, formed on one chip; for example, in the case of the LCD 2 for 
color display so as to enable the color display by controlling the emission in synchronism with the display of the image 
on the reflective LCD 2. LE represents the illumination optical system, which condenses the light from the light source 

30 11 and guides the light throu^i the polarizing plate 1 5 to the display surface 2a of the LCD 2. 

[0127] Numerals 1 5 and 21 denote the polarizing plates whose axes of polarization are approximately perpendicu- 
lar to each other, for example rt is noted here that the axes of polarization of the polarizing plates 15, 21 do not always 
have to be perpendicular to each other, but they may be properly placed in accordance with the design conditions such 
as the optical rotatory power of the LCD 2, the display mode, and so on. There are also cases wherein only one polar- 

35 izing plate immediately before the display surface 2a is sufficient depending upon the type of the LCD 2 or the like, and 
thus the two polarizing plates are not essential. The polarizing plates may be set as follows; the polarizing plate 15 is 
properly placed between the light source 11 and the LCD 2, while the polarizing plate 21 is properly placed between 
the LCD 2 and the optical element L2. For example, the polarizing plate 1 5 may also be placed between the light source 
1 1 and the illumination optical system LE. 

40 [0128] L0 indicates a ray passing the centers of the light source 1 1 , the LCD 2, and the pupil S (hereinafter called 
"reference axis ray") on the YZ plane (the symmetry plane, which corresponds to the plane of the drawing in the present 
embodiment). The reference axis ray L0 is the center principal ray at the center of the field of view of the display optical 
system. 

[01 29] In the present embodiment the reference axis ray and an extension tine thereof running from the light source 
45 means to the display means intersect only on the display means with the reference axis ray and an extension line 
thereof running from the display means to the display optical system. 

[0130] Among the three optical surfaces S1 , S2, and S3 of the optical element L2 , at least the surfaces S 1 , S2 each 
acting as a reflecting surface are curved surfaces decerrtered with respect to the reference axis ray L0, thereby 
decreasing the thickness of the optical element L2. All the surfaces S1 , S2, and S3 may also be inclined. For well cor- 
so recting for the decentering aberration appearing because of the decerrtered placement of these curved surfaces, each 
optical surface S1, S2, or S3 is comprised of a rotattonally asymmetric surface. All the surfaces are symmetric with 
respect to one YZ plane (the symmetry plane, which corresponds to the plane of the drawing in the present embodi- 
ment). 

[01 31 ] The third optical surface S3 in the optical element L2 has the shape of an aspherical surface symmetric with 
as respect to the yz plane which is the symmetry plane. The optical surface S3 is inclined relative to the image display sur- 
face 2a of the LCD 2 (for example, a tangent plane at an intersecting point S3a between the reference axis ray L0 and 
th surface S3 is not parallel to the liquid crystal surface 2a). The first optical surface S1 has the shape of a spherical 
surface or an aspherical surface symmetric with respect to the symmetry plan , and is inclined at such an angle as to 



19 



EP1043 619A2 



totally reflect the incident light having been refracted by the third optical surface S3. 

[0132] The second optical surface S2 is a mirror surface (with a reflection fflm thereon) comprised of an aspherical 
surface strongly concave as a whole with respect to the symmetry plane (YZ plane). The surface S2 is inclined against 
the light totally reflected by an area of the first optical surface S1 . The light reflected by the second optical surface S2 
s is incident at an angle below the critical angl to the first optical surface S1 , and thus is transmitted by the surface S1 
to reach the pupil S. 

[01 33] Now, let us consider the imaging relation of light from the pupil S to the LCD 2 in the display (enlarging) opti- 
cal system (optical element L2) alone. The image display surface of the LCD 2 is likely to be in such an arrangement 
that the liquid crystal surface 2a is inclined relative to the surface S3 (for example, in such a state that the tangent plane 
io at the intersecting point between the surface S3 and the ray traveling through the center of the pupil S and along the 
direction of the y-axis in the drawing is not parallel to the display surface 2a of the LCD 2), particularly, because of the 
difference of powers depending upon the azimuths in the surface S2 of strong power, and the difference of pathlengths 
in the prism after the surface S2 depending upon the azimuths. 

[01 34] Let us define Lpa, Lpb, or Lpc as an optical pathlength inside the prism L2 of a principal ray from a point 2- 
75 1 (2-2, or 2-3) on the cfisplay surface 2a from incidence into the surface S3 via total reflection on the surface S1 and 
reflection on the surface S2 to the surface SI. Further, let Laa, Lab, or Lac be an optical pathlength of the principal ray 
from emergence from the point 2-1 (2-2, or 2-3) on the display surface 2a to arrival at the surface S3. At this time there 
is the relation of Lpc > Lpa > Lpb among the optical pathlengths inside the prism. Curvatures at reflection points Pa, Pb, 
and Peon the surface S2 are different and the radii of the curvatures on the yz plane are normally Pb > Pa > Pc. There- 
to fore, the optical pathlengths from the surface S3 to the LCD 2 are in the relation of Lab > Laa > Lac, so that the liquid 
crystal surface 2a tends to be inclined relative to the surface S3. 

[0135] The present invention positively makes use of this property to construct the apparatus in such structure that 
the light (illumination light) emitted from the light source 1 1 and traveling through the illumination optical system LE to 
illuminate the LCD 2 illuminates the display surface 2a without interfering with the optical element L2 and that the light 
25 (display light) guided from the display surface 2a through the optical element L2 enters the optical element L2 without 
interfering with the illumination optical system LE. 

[01 36] The optical action in the basic structure of the present invention will be described next As illustrated in Fig. 
13, the light from the light source 11 is condensed by the illumination optical system LE, is aligned into a direction of 
polarization (for example, s-polarized light) by the polarizing plate 1 5, and is guided without crossing the display (enlarg- 
30 ing) optical system L2 to illuminate the reflective image display means 2 obliquely in the yz plane with respect to the 
normal to the display surface 2a of the image cfisplay means 2. 

[0137] The light modulated (rotated by each pixel) according to the image information and reflected by the display 
surface 2a of the image display means 2 is subjected to selection by the polarizing plate 21 (for example, light from pix- 
els after 90° rotation into p-polarized light by the image display means 2 is transmitted, while light from pixels in the form 

35 of s-polarized light without rotation by the image display means 2 is intercepted) to become display light having the 
image information. The cfisplay light is incident to the optical element L2 of the enlarging optical system without crossing 
the illumination optical system LE anymore The display light travels first through the third optical surface S3 toward the 
first optical surface S1 and is incident at an angle over the critical angle to the surface S1 . The light is totally reflected 
by this surface S1 toward the second optical surface S2 and is reflected into convergent fight by this surface S2. The 

40 light travels again toward the first optical surface S1 and then is incident this time at an angle below the critical angle to 
this surface S1. The light travels through the surface S1 to form a virtual image and reach the pupil S of the observer 1 , 
whereby the observer is allowed to view the virtual image of the image information displayed on the liquid crystal display 
means 2. 

[01 38] According to the present invention, as described above, the reference axis ray and the extension line thereof 
45 running from the light source means via the illumination optical system to the display means are arranged to intersect 
only on the display means with the reference axis ray and the extension fine thereof running from the display means into 
the display optical system, whereby the compact and thin image display apparatus is accomplished while incorporating 
the reflective display device (display means) and the light source and illumination optical system for illuminating it 
[0139] According to the present invention, as descrbed above, the illumination optical system LE and the display 
so (enlarging) optical system L2 are arranged appropriately, so as to permit the light from the light source 1 1 to be guided 
to the pupil S of the observer without passing a half mirror or the like, thereby providing the bright image display appa- 
ratus with high utilization efficiency of light 

[Q140] In the description of the basic structure of the present invention described above, the light source was 
described as one like an almost point light source, but it may also be a surface light-emitting light source; further, the 
55 illumination optical system LE was described as a single lens, but it may also be composed of a plurality of lenses. 
[0141] In the basic structure of the present invention of Fig. 13, the apparatus may also be constructed in such 
structure, as illustrated in Fig. 17, that the surface S2 is comprised of a half mirror surface, a prism PZ is joined to the 
surface S2, and the light from the imag of the external field is guided through the prism L2 and optical element PZ to 
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the pupil S of the observer to permit the observer to observe the both of the image displayed on the display means 2 
and the image of the external field. In Rg. 17th optical system composed of the surface PZa, the surface S2, and the 
surface S1 constitutes an observation system for observing th image of the external field. 

[0142] Thestructur of an embodiment based on the present invention as described above will be descrbed below. 

5 [0143] Fig. 14 is a structural cfiagram of the major part of an embodiment of the present invention. In the drawing, 
SS represents the pupil of the optical element L2, and L2 an optical element which has the first, second, and third opti- 
cal surfaces (hereinafter also referred to as "surfaces") S1 , S2, and S3 each comprised of a rotationally asymmetric sur- 
face or the like. All the surfaces are symmetric with respect to one YZ plane (the symmetry plane, which corresponds 
to the plane of the drawing in the present embodiment). Numerals 15 and 21 denote polarizing plates whose axes of 

io polarization are approximately perpendicular to each other. The polarizing plate 21 has surfaces S4, S5 and the polar- 
izing plate 15 has surfaces S8, S9. Numeral 200 denotes a reflective LCD (display element), S7 a display surface of the 
reflective LCD 200, and S6 a front surface of a cover glass of the LCD 200. LE1 represents a back reflector forming the 
illumination optical system, S10 a transmitting surface forming the back reflector LE1, and S1 1 a mirror surface (with a 
reflection film thereon). Numeral 300 indicates a surface light source, which can be one properly selected from the com- 

15 bination of the light guide plate with the light emitting element placed on the side tike the known back fight source or the 
like, the surface light source formed by placing the light emitting element on the back of the diffusing plate, and the sur- 
face light-emitting light sources such as the EL lamps or the like. SI indicates the light emitting surface (or the diffusing 
surface) of the surface light source 300. 

[0144] For implementing the color display on the display element 200 in the present embodiment, the light source 
20 300 is comprised, for example, of LEDs for emitting the three colors of R, G, and B, light therefrom is guided from the 
side to the light guide plate, and emission of light is controlled in synchronism with the display of images on the reflective 
LCD 200. The illumination optical system LE1 condenses the light from the light source 300 and guides the light to the 
display surface S7 of the LCD 200. 

[0145] The shape of each aspherical surface in the present embodiment is expressed using the following equation. 

25 

z=(l/R)*(x 2 +y 2 )/(l+(l-(l+cl)*(l/R)*(x 2 +y a ))( 1/2 ))+c2+c4*y+ 
c5*(x 2 -y 2 )+c6*(-l+2*x 2 +2V)+cl0*(-2*y+3*x 2 *y+3V) + cll*(3 

30 

*x 2 *y-y 3 ) +C12* ( x 4 -6*x 2 *y 2 +y 4 ) +C13* ( -3*x 2 +4*x 4 +3*y 2 -4*y 4 ) +cl 
4*(l-6*x 2 +6*x*-6*y 2 +12*x 2 *y 2 +6*y 4 )+c20*(3*y-12*x 2 *y+10*x 4 * 
35 y-12*y 3 +20*x 2 *y 3 +10*y 5 )+c21*(-12*x 2 *y+15*x 4 *y+4*y 3 +10*x 2 *y 3 
-5*y 5 )+c22*( 5*x 4 *y-10*x 2 *y 3 +y 5 )+c23*( x 6 -15*x 4 *y 2 +15*x 2 *y 4 -y 6 
)+c24*(-5*x 4 +6*x 6 +30*x 2 *y 2 -30*x 4 *y 2 -5*y 4 -30*x 2 *y 4 +6*y 6 )+c25 

40 

*(6*x 2 -20*x 4 +15*x 6 -6*y 2 +15*x 4 *y 2 +20*y 4 -15*x 2 *y 4 -15*y 6 )+c26* 
(-l+12*x 2 -30*x 4 +20*x 6 +12*y 2 -60*x 2 *y 2 +60*x 4 *y 2 -30*y 4 +60*x 2 *y 4 
45 +20*y 6 ). 



[0146] The data of the optical system of the present embodiment will be listed below. The data will be expressed by 
so defining a reference coordinate system as a coordinate system having the origin (x, y, z) = (0, 0, 0) at the center of the 
pupil SS of the optical element and indicating (y, z, a) of a y-coordinate, a z-coordinate, and an angle of rotation about 
the x-axts (whose positive direction is the counterclockwise direction on the plane of the drawing and whose unit is 
degrees) of a relative position of a coordinate system for defining each surface with respect to the reference coordinate 
system. 

55 [0147] In the table R indicates the radius of curvature of a surface of interest, and Nd (vd) a refractive index (Abbe's 
number) after the surface of interest. If light travels plural times through a single plane the data given will represent 
those on the medium side which is not air. If a surface is used as a reflecting surface no data will be given as to the 
above factors. 



21 



EP1 043 619 A2 



[0148] Data with Rx represents a toroidal surface, data with the aspherical coefficients C1 . C2, ... an aspherical sur- 
face according to the aspherical equation defined in the present embodiment, and a surface without indication of these 
a spherical surface, hi a surface with indication of th aspherical coefficients, the coefficients not indicated ar all 0: 
[0149] In the present embodiment the horizontal field of view (the field of view in the x-direction in the drawing) is 
28°, and the vertical field of view (the field of view in the y-direction in the drawing) is 21 .2°. 

SS (y,z,a)«(0.0, 0.0, O.O) 
R: - 

SI (y,z,a)-(-19.826, 21.115, -3.14) 

R:-285. 92941 Nd(vd): 1.4917(57.4) 
CI: 5.2945E+01 C5: 8.9304E-05 C6: -7. 1955E-04 
CIO: 3.8933E-06 Cll : -9 . 8007E-05 C12:-1.1578E-06 
C13.--1.0932E-08 C14.--8. 1148E-08 C20: -3.3501E-09 
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C21:~9.2005E-09 C22;-9.8652E-09 C23: 6.0445E-11 
C24:-7.7318E-12 C25:-2.0026E-11 C26: 2.4540B-11 

52 (y,z,a)=<-7.923, 25.496, -29.94) 
R:-68. 46944 

CI: 4.3281E-01 C5:-3.1347E-03 C6: -5. 2330E-04 
CIO: 9.3495E-06 Cll: -6.5425E-06 C12:-2.0747E-06 
C13:-4.5992E-07 C14:-2.6694E-07 C20: 9.9749E-09 
C21:-6.5862E-09 C22: 3.8402E-08 C23: 3.6332E-10 
C24:-9.4254E-11 C25: 4.1760E-10 C26:-l. 5723E-10 

53 (y,z,a)=(16.341, 28.487, 54.16) 
R: » 

C5: 8.9202E-03 C6: -7.4968E-03 CIO: 1.8641E-03 
Cll:-l-8244E-03 C12: -9. 2528B-05 C13: 6.9522E-05 
C14:-2.8697E-05 C20:-6.9024E-06 C21: 6.4023E-06 
C22;-7.0700E-06 C23 : -1 . 1875E-07 C24: 1.2553E-07 
C25:-5.6164E-08 C26: 3.8630E-08 

54 (y,z r a)-(16.600, 28.800, 55.00) 
R: eo 

Nd(vd): 1.4900(50.0) 

55 <y r z,a)=(16.764, 28.915, 55.00) 
R: » 

56 (y,z,a)»(22.479, 32.919, 9.74) 
R: eo 

57 (y,z,a)=(22.614, 33.708, 9.74) 
R: » 

58 (y,z,a)-(24.200, 28.200, -58.00) 
R: « 
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Nd(vd): 1.4900(50.0) 
S9 (y,z,a)=(24.030, 28.306, -58.00) 

R: «> 

510 (y,z,a)=(31.659, 27.286, -0.26) 
R: -16.0 

RX: -80.0 

Nd(vd): 1.5163(64.1) 

511 (y,z,a)=(15.687, 21.212, 7.74) 
R: 40.0 

SI (y,z,a)-(30.678, 31.557, 15.74) 
R: » 



[0150] The optical action in the present embodiment will be descrfced next. As illustrated in Fig. 14, the light from 
the Tight emitting surface SI of the surface light source 300 is condensed via the transmitting surface S10. the mirror 
surface S11, and the transmitting surface S10 of the back reflector LE1, is transmitted by the surfaces S9, S8 of the 
polarizing plate 15 to be converted into linearly polarized light, and is guided through the surface S6 to the image dis- 
play surface S7, thus illuminating the reflective LCD 200. 

[01 51 ] The light modulated and reflected by the image display surface S7 of the LCD 200 travels through the sur- 
fac S6, and the surfaces S5, S4 of the polarizing plate 21 transmit light of the polarization component normal to the 
axis of polarization of the polarizing plate 15. The transmitted light travels first through the third optical surface S3 
toward the first optical surface S1 and is totally reflected by this surface S1 toward the second optical surface S2. The 
light is reflected into convergent fight by this surface S2 and the convergent light travels again toward the first optical 
surface S1 . Then the light travels this time through this surface SI to form a virtual image and reach the pupil SS of the 
observer, whereby the observer is allowed to view the virtual image of the image displayed on the liquid crystal display 
means 200. 

[0152] Rg. 1 5 is a structural diagram of the major part of a further embodirnent of the present invention. In the draw- 
ing, SS represents the pupil (the observer's eye) of the optical element 12, and L2 an optical element, which has the 
first, second, and third surfaces S1. S2, and S3 each comprised of a rotationally asynrvnetric surface or the like. All the 
surfaces are symmetric with respect to one YZ plana Numerals 15 and 21 denote the polarizing plates whose axes of 
polarization are approximately perpendicular to each other. The polarizing plate 21 has surfaces S4, S5 and the polar- 
izing plate 15 has surfaces S9, S10. Numeral 200 designates a reflective LCD, S7 a display surface of the reflective 
LCD 200. and S6 a front surface of a cover glass of the LCD 200. LE2 indicates the illumination optical system and S8 
a mirror surface (with a reflection f Om thereon) forming the mirror LE2 as an illumination optical system. Numeral 300 
denotes a surface fight source and SI a light emitting surface of the surface light source 300. 
[01 53] Each of the optical surfaces S1 to S3 in the optical element L2 has the shape of an aspherical surface sym- 
metric with respect to the symmetry plane. 

[0154] The shape of each aspherical surface in the present embodiment is expressed using the following equation. 
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z:=l/2*(l/a+l/b)*(y 2 *(cos(w)) 2 +x 2 )/cos(w)/(l+l/2*(l/a-l/ 
b)*y*sin(w)+(l+(l/a-l/b)*y*sin(w)-(l/a/b+l/4*(tan(w)) 2 *( 
l/a+l/b) 2 )*x 2 ) ( 1/2 ) )+c20*x 2 +cll*x*y+c02*y 2 +c30*x 3 +c21*x 2 *y+ 
Cl2*x*y 2 +c03*y 3 +c40*x 4 +c331*x 3 *y+c22*x 2 *y 2 +cl3*x*y 3 +c04*y 4 + 



[01 55] The data of the optical system of the present embodiment will be listed below. The notation for description 
of the data follows that in the embodiments described above. 

[0156] In the present embodiment the horizontal field of view (the field of view in the x-cfirection in the drawing) is 
30° and the vertical field of view (the field of view in the y -direction in the drawing) is 22.7°. 



SS (y,z,a)-(0.0, 0.0, 0.0) 
R: - 
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SI (y,z,a)«(-0.499, 41.297, 4.95) 

R: oo 

Nd(vd): 1.5709(33.8) 
a : -2 . 0582E-03 b : -2 . 0004E-03 w: -1 . 3726E+03 
C02:-2.9898E-04 C03: 1.3685E-05 C04: -4.4731E-07 



COS : -1 . 2631E-08 C06 : -2 . 3764E-09 
C21 : -7 . 4353E-06 C22 : -5 . 4368E-07 



C20:-8.8463E-04 
C23: 3.7423E-08 
C40: 3.2990E-06 C41: 3.0930E-07 



S2 



C24:-3.7661E-09 
C42: 6.9381B-09 C60: 4.6264E-09 
(y,z,a)=(-2.395, 49.208, -24.04) 



C20:-4.5725E-06 
C23:-9.7076E-08 



a:-3.3217E-02 b: 1.9712E-03 w: -2.3946E+01 

C02: 9.9329E-04 C03:-6.3496E-05 C04: -4.313 SE-07 
C05:-7.8153E-08 C06: 2.3405E-09 
C21:-4.3732E-05 C22: 9.7880E-08 

C24:-4.7754E-10 C40: 5.0329E-07 C41: 4.0517E-0B 
C42: 8.6877E-10 C60: 3.1670E-09 

53 (y,z,a)=(19.232, 50.737, 43.86) 
R: * 

b : -6 . 0279E-05 w : -4 . 4913E+02 

C03:-7.2317E-04 C04: 1.7167E-05 

C06: 2.8993E-08 C20: -2. 1413E-03 

C21: 2.6788E-04 C22: 3.5128E-05 C23: 7.0236E-08 

C24: 1.5737E-07 C40: -9 .3749E-06 C41: 4.0887E-07 
C42:-1.4887E-07 C60: 1.3647E-07 

54 (y,z,a)«<23.000, 46.000, 74.00) 
R: oo 



a:-2.4076E-04 
C02:-2.9546E-02 
COS: 1.7930E-07 
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74.00) 



29-94) 



29.94) 



33.94) 



53.94) 



53.94) 



53.94) 
R: » 
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[0157] The optical element in the present embodiment will be described next As illustrated in Fig. 1 5, the light from 
the light emitting surface SI of the surface light source 300 travels toward the polarizing plate 15 and only the linearly 
40 polarized light component of a predetermined direction is transmitted by the surfaces S10, S9 of the polarizing plate 1 5. 
The transmitted light travels via the mirror surface S8 of the mirror LE2 and the surface S6 to the image display surface 
S7, thus illuminating the reflective LCD 200. 

[0158] The light modulated and reflected by the image display surface S7 of the LCD 200 travels through the sur- 
face S6, and the surfaces S5, S4 of the polarizing plate 21 transmit light of the polarization component normal to the 

45 axis of polarization of the polarizing plate 15. The transmitted light travels first through the third optical surface S3 
toward the first optical surface S1 and is totally reflected by this surface S1 toward the second optical surface S2. The 
light is reflected into convergent light by this surface S2 and the convergent light travels again toward the first optical 
surface S1. Then the travels this time through this surface S1 to form a virtual image and reach the pupil SS of the 
observer, whereby the observer is allowed to view the virtual image of the image displayed on the liquid crystal display 

so means 200. 

[0159] Fig. 16 is a structural cfiap/am of the major part of a further embodiment of the present invention. In the draw- 
ing, SS represents the pupil (the observer's eye) of the optical element L2, and L2 an optical element, which has the 
first, second, and third surfaces S1 . S2, and S3 each comprised of a rotationally asyrnrnetric surface or the like. All the 
surfaces are symmetric with respect to one YZ plane. Numerals 15 and 21 denote the polarizing plates whose axes of 
55 polarization are approximately perpendicular to each other. The polarizing plate 21 has surfaces S4, S5 and the polar- 
izing plate 15 has surfaces S1 1 , S12. Numeral 200 designates a reflective LCD, S7 a display surface of the reflective 
LCD 200, and S6 a front surface of a cover glass of the LCD 200. LE3 indicates the illumination optical system com- 
posed of a mirror and a lens, S8 a mirror surface (with a reflection film thereon) forming the illumination optical system 
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Nd(vd): 1.4900(50.0) 

55 (y,z,a)«(23.192, 46.055, 
R: CD 

56 (y,z,a)»(22.017, 53.636, 
R: - Nd(vd) 1.5230(58.6) 

57 (y,z,a)«<22.416, 54.329, 
R: » 

58 (y,z,a)«(26.426, 37.248, 
R: 18.0 

59 (y,z,a)-(35.541, 40.694, 
R: » 

Nd(vd): 1.4900(50.0) 

S10 (y,z,a)=(35.703, 40.811, 
R: «► 

SI (y,z,a)-(36.511, 41.400, 
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LE3, and S9 and S10 transmitting surfaces forming the optical element. Numeral 300 denotes a surface light source 
and SI a diffusing surface forming the light emitting surface of the surface light source 300. 

[0160] Each of the optically acting surfaces S1 to S3 in the optical element L2 has the shap of an aspherical sur- 
face symmetric with respect to the symmetry plane. 
5 [0161] Trie shape of each aspherical surface in the present embodiment is expressed using the same equation as 
in the embodiment described previously (the embocfiment illustrated in Fig. 15). 

[0162] The data of the optical system of the present embodiment will be listed below. The notation for description 
of the data follows that in the embodiment described above (the embocfiment illustrated in Fig. 14). 
[0163] In the present embodiment the horizontal field of view (the field of view in the x-cfirection in the drawing) is 
io 30° and the vertical field of view (the field of view in the y-direction in the drawing) is 22.7°. 
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SS (y„z,a)=*(0,0, 0.0, 0.0) 

51 <y,z,a)-(-l-416, 37.162, 3.47) 
R: eo 

Nd(vd): 1.5709(33.8) 
a:-2.2335E-03 b:-2.0974E-03 w: 
C02 : -3 . 6366E-04 C03 : -3 . 0451E-06 
CO 5 : -1 . 7359E-08 C06 : -1 . 0864E-09 
C21 : -5 . 4521E-07 C22 : -7 . 7267E-07 
C24:-3.2432E-09 C40: 1.7449E-06 
C42: 5.4885B-09 C60: 7.7525E-09 

52 (y,z,a)=(-2.384, 44.382, -23.77) 
R: • 

a:-3.4553E-02 b: 1.0691E-03 w: 
C02: 3.7037E-04 C03: -3. 6898E-05 
C05:-8.4002E-08 C06: 2.2754E-10 
C21 : -3 . 2986E-05 C22 : -7 . 6708E-07 
C24;-1.4098E-09 C40: 1.0890B-07 
C42:-7.2249E-10 C60: 3.0269E-09 

53 <y,z,a)=(16.198, 46.080, 48.73) 
R: * 

a:-1.7380E-02 b:-l. 6879E-02 w: 
C02 : - 1 . 8740E-02 C03 : - 1 . 7013E-04 
COS: 1.4214E-06 C06: 1.4058E-07 
C21: 4-6876E-04 C22: 2.5366E-06 
C24: 1.2698E-07 C40: -4. 2190E-06 
C42:-1.3546E-07 C60: 2.9629E-07 



3.0991E+02 
C04:-4.4226E-07 
C20:-6.8066E-04 
C23:-3.2796E-08 
C41: 2.5571E-07 



-2.1645E+01 
C04:-1.2803E-07 
C20: 2.0165E-04 
C23:-9.5247E-08 
C41:-1.3853E-09 



S4 



(y,z,a)«(19. 20000 4 2 . 00000 



-1.4492E+03 
C04: 9.4071E-06 
C20: 1.7989E-03 
C23: 8.4499E-07 
C41: 6.0897E-07 

66.00) 
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R: • 

5 Nd(vd): 1.4900(50.0) 

55 (y,z,a)=(19. 38271 42.08135 66.00) 
R: » 

10 

56 (y,z,a)*(19.144, 48.665, 22-72) 
R: « 

,5 Nd(vd): 1.5230(58.6) 

57 (y,z,a)»(19.453, 49.403, 22.72) 
R: » 

20 

58 (y,z,a)«(28.195, 34.034, 12.72) 
R: 26.0 

25 S9 (y,z,a)=(32.323, 35.972, 52.72) 

R: 10.0 

^ Nd(vd): 1.5163(64.1) 

510 (y,z,a)=(36.461, 39.122, 57.72) 
R: « 

511 (y,z,a)-(36.461, 39.122, 57.72) 
R: co Nd(vd): 1.4900(50.0) 

^ S12 (y,z,a)«(38.071, 43.688, 57.72) 

R: * 

SI (y,z,a)«(39.086, 44.329, 57.72) 

45 

R: oo 

so [0164] The optical action in the present embodiment will be descrfoed next. As illustrated in Fig. 16, the light from 
the light emitting surface SI of the surface light source 300 travels toward the polarizing plate 15 and only the linearly 
polarized light component of a predetermined direction is transmitted by the surfaces S11, S12 of the polarizing plate 
15. The transmitted light is condensed via the transmitting surfaces S10, S9 of the illumination optical system LE3 and 
via the mirror surface S8 and travels through the front surface of the cover glass S6 to the image display surface S7, 

55 thus illuminating the reflective LCD 200. 

[0165] The light modulated and reflected by the LCD 200 travels through the surface S6, and the surfaces S5, S4 
of the polarizing plate 21 transmit only light of the polarization component normal to the axis of polarization of the polar- 
izing plate 15. The transmitted light travels first through the third optical surface S3 toward the first optical surface S1 
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and is reflected by this surface S1 toward the second optical surface S2. In the present embodiment a portion not sat- 
isfying the total reflection condition in part of the surface S1 except for the portion acting as a transmitting surface 
descrfoed below in the surface S1 is provided in the light traveling from the surface S3 via the surface S1 to the surface 
S2, thereby weakening the curvature of the surface so as to decrease the sensitivity and increase tolerances. For that 

5 purpose, a reflection film S1 R is formed in part of the surface S1 , and the reflection film is formed so as not to intercept 
the passing light when th surface S1 acts as a transmitting surface. This prevents loss in an amount of th light guided 
to the pupil SS of the observer. Then the light is reflected into convergent light by the surface S2 and the convergent 
light travels again toward the first optical surface S1 . The light travels this time through this surface S1 to form a virtual 
image and reach the pupil SS of the observer, whereby the observer is allowed to view the virtual image of the image 

10 displayed on the liquid crystal display means 200. 

[01 66] Accorcfing to the present invention, on the occasion of observing the image information displayed on the cfis- 
play means such as the liquid crystal display or the like, the loss in the amount of light is decreased while the scale of 
the whole apparatus is also decreased, by property setting the structure of the illumination optical system from the light 
source means to the display means and the display optical system for guiding the light from the display means to the 

is observer's eye, which can accomplish the image display apparatus that permits the observer to observe the image 
information in a wide observation field and with good image quality. 

[0167] In the numerical examples shown in Figs. 14, 15 and 16, since the mirror is used in the illumination optical 
system, unnecessary protrusion of the illumination optical system in the Z direction can be avoided so that the image 
display apparatus can be made thinner while assuring long eye relief. 
20 [01 68] According to one aspect of the present invention, the scale of the image display apparatus can be decreased 
and the field of view can be expanded even in the case using the reflective display device. The invention further provides 
the effects that the number of optically acting surfaces can be increased without increase in the scale of the apparatus, 
the partial charge for power and aberration correction of each surface can be set to a low level, the manufacturing is 
easy, and so on. 

25 [0169] Accorcfing to one aspect of the present invention, the surface acting as a reflecting surface for guiding the 
illumination light to the reflective display means in the illumination optical system is set at the angle less than 45° relative 
to the display surface of the reflective image display means, whereby the distance from the optical element forming the 
display optical system to the reflective display means can be decreased as compared with the system incorporating the 
conventional 45° mirror and whereby the compact and thin image cfisplay apparatus can be accomplished while incor- 

30 porating the reflective image display means and the light source and illumination optical system for illuminating it and 
while assuring the sufficient field of view and eye relief; and the light from the light source is guided to the observer's 
pupil without passing a half mirror or the like, by placing the prism with the surface acting as a totally reflecting surface 
in the illumination optical system and also acting as a transmitting surface in the enlarging optical system, which can 
accomplish the bright image display apparatus with high utilization efficiency of tight 

35 [01 70] An image display apparatus has a light source, a reflective display device, an illumination optical system for 
guiding light from the light source to the display device to illuminate the display device, and a cfisplay optical system for 
guiding the light reflected by the display device to the pupil of an observer to allow the observer to observe an image 
displayed on the cfisplay panel. The illumination optical system and the display optica) system have an optical element 
shared in part or are arranged so as not to interfere with each other, thereby providing the image display apparatus of 

40 compact structure. Particularly, where the display optical system is a thin optical system having a plurality of decen- 
tered, reflecting, curved surfaces, the appropriate illumination optical system is arranged, thereby providing the thin 
image display apparatus using the reflective display device. 

Claims 

45 

1 . An image display apparatus comprising: 

reflective cfisplay means; 

an illumination optical system for making light from light source means obliquely incident to a display surface 
so of the display means; and 

a display optical system for gating light from the cfisplay means to an observer to permit the observer to 
observe image information displayed on the display means, 

wherein a principal ray emerging from a central part of the display means is emergent obliquely with respect to 
the display surface from the display means, the display optical system comprises a decentered, rotationally 
55 asymmetric, reflecting surface, the illumination optical system and the display optical system share at least one 

optical element, and at least one surface of the optical elements) shared is a curved surface. 

2. An image display apparatus comprising: 
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reflective display means; 

an illumination optical system for guiding light from light source means to the display element; and 

a display optical system for guiding th light reflected by the display element to th eye off an observer to allow 

the observer to observe an image, 

wherein at least on surface off the display optical system is a decerrtered, rotational ly asymmetric, reflecting 
surface, a principal ray of display light at a center of a field of view from the display element is emergent at a 
predetermined angle relative to a normal to a display surface of the display element the illumination optical 
system and the display optical system share at least one optical element, and at least one surface of the optical 
elements) is a curved surface. 

3. The image cfisplay apparatus according to Claim 1 or 2, wherein said surface of the optical element is a rotationally 
asymmetric surface. 

4. The image display apparatus according to Claim 1 or 2, wherein said optical element comprises a surface acting 
as a transmitting surface in an optical path of said display optical system and acting as a reflecting surface in an 
optical path of said illumination optical system. 

5. The image display apparatus according to Claim 4, wherein said surface of said optical element acts as a surface 
having a positive power in both of said display optical system and said illumination optical system. 

6. The image display apparatus according to Claim 4, wherein said surface of said optical element is a curved surface. 

7. The image display apparatus according to either one off Claims 1 and 2, wherein said reflective display means is a 
ferroelectric liquid crystal cfisplay. 

8. An image cfisplay apparatus wherein fight from fight source means is guided via a first prism of a single medium 
having three or more optical surfaces comprising at least one decerrtered surface, to illuminate reflective display 
means obliquely, and light emerging obliquely from the display means is guided via part of the optical surfaces of 
the first prism and via a second prism of a single medium having three or more optical surfaces comprising at least 
one decerrtered surface to an observer, whereby the observer is allowed to observe image information displayed 
on the display means. 

9. Tire image display apparatus according to Claim 8, wherein said first prism comprises an entrance surface to which 
the light from said light source means is incident, a half mirror surface comprised of a rotationally asymmetric sur- 
face for reflecting part of light from the entrance surface, and an exit surface from which light reflected by the half 
mirror surface emerges toward said display means. 

1 0. The image display apparatus according to Claim 9, wherein the light from said display means is incident through 
the eodt surface of said first prism, the light then travels through the half mirror surface and emerges from the first 
prism body, and thereafter the fight is incident to said second prism. 

11. The image display apparatus according to Claim 10, wherein said second prism comprises an entrance surface to 
which the fight from the half mirror surface of said first prism is incident, a totally reflecting surface for totally reflect- 
ing the light from the entrance surface, a reflecting surface comprised of a rotationally asymmetric surface for 
reflecting the light from the totally reflecting surface, and an exit surface having the same shape as the totally 
reflecting surface, from which the light from the reflecting surface emerges. 

12. An image display apparatus comprising: 

reflective display means; 

an illumination optical system for making light from light source means incident to a display surface of the cfis- 
play means; and 

a display optical system for guiding light from the display means to the pupil of an observer to allow the 
observer to observe image information displayed on the display means, 

wherein the illumination optical system guides the light from the light source means via a prism of a triangular 
prism shape making use of a totally reflecting surface to the display means, the display optical system chides 
the light from the display means through th totally reflecting surface of the prism to th observer, and an angle 
8 between the totally reflecting surface and the display surface of th display means is set so as to satisfy the 
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(Dy/Ly) *Wy° <0 <40° 

where 

Dy represents a diameter off the exit pupil formed by the tisplay optical system in the y-direction, 
Ly represents an effective image display size of the display means in the y-direction, and 
Wy represents a field of view in the y<firection. 

13. The image display apparatus according to Claim 12, which satisfies the following condition: 

(Dy/Ly)«Wy° <P8<40° 

where 

PO represents a prism vertex angle of said prism. 

14. An image display apparatus comprising: 

light source means; 
reflective cfisplay means; 

an illumination optical system for guiding light from the light source means to the display means; 
a display optical system for guiding the light reflected by the cfisplay means to the pupil of an observer and mak- 
ing the observer recognize a virtual image formed thereby as an enlarged image of an image displayed on the 
display means; and 

an optical member comprising surface acting to totally reflect light when guiding the light from the light source 
means to the display means and acting to transmit light when guiding the light reflected by the display means 
to the pupil, 

wherein an angle 8 between the surface and an image display surface of the display means is set to satisfy 6 
<45°. 

15. The image display apparatus according to Claim 1 4, wherein said display optical system comprises an optical ele- 
ment making use of a plurality of reflecting surfaces and each of said reflecting surfaces forming the optical element 
is comprised of a surface decentered from a principal ray at a center of a field of view. 

16. The image display apparatus according to Claim 1 5, wherein at least one optical surface forming said optical ele- 
ment is a rotationally asymmetric surface. 

17. The image display apparatus according to Claim 16, wherein one of said rotationally asymmetric surfaces com- 
prises a surface acting as a totally reflecting surface and also as a transmitting surface. 

1 8. The image display apparatus according to Claim 1 4, wherein said optical member is comprised of a prism in which 
an entrance surface, a reflecting surface, and an exit surface are formed integrally, and the light from said light 
source means is guided into the entrance surface, is reflected by the reflecting surface, and is guided out of the exit 
surface toward said display means. 

19. The image display apparatus according to Claim 18, wherein at least a partial area makes use off total reflection, 
out of reflection on the reflecting surface of said optical member. 

20. The image display apparatus accorcfing to Claim 19, wherein said optical member comprises at least one curved 
surface. 

21. The image display apparatus according to Claim 20, wherein said illumination optical system comprises at least 
one rotationally asymmetric surface. 

22. The image display apparatus according to Claim 1 4, wherein said display means is a ferroelectric liquid crystal dis- 
play. 
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23. The image display apparatus according to Claim 14, wherein said light source means comprises a light source for 
emitting light of three colors of R, G, and B and the light source means emits the light in synchronism with image 
display on said display means. 

24. The image display apparatus according to Claim 23. wherein said light source comprises LEDsfor emitting the light 
of the three colors of R, G, and B. 

25. An image display apparatus comprising: 

reflective display means; 

an illumination optical system for making light from light source means incident to a display surface of the dis- 
play means; and 

a display optical system for guiding light from the display means to the pupil of an observer to allow the 
observer to observe image information displayed on the display means, 

wherein the illumination optical system guides the light from the light source means via an optical member 
making use of a totally reflecting surface to the display means and the display optical system guides the light 
from the display means through the totally reflecting surface of the optical member to the observer. 

26. The image display apparatus according to Claim 25, wherein said display optical system comprises an optical ele- 
ment making use of a plurality of reflecting surfaces and each of said reflecting surfaces forming the optical element 
is comprised of a surface decerrtered from a principal ray at a center of a field of view. 

27. The image display apparatus according to Claim 26, wherein at least one surface forming said optical element is 
comprised of a rotationally asymmetric surface. 

28. The image display apparatus according to Claim 27, wherein one of said rotationally asymmetric surfaces com- 
prises a surface acting as a totally reflecting surface and also as a transmitting surface. 

29. The image display apparatus according to Claim 25, wherein said optical member is comprised of a prism in which 
an entrance surface, a reflecting surface, and an exit surface are formed integrally, and the light from said light 
source means is guided into the entrance surface, is reflected by the reflecting surface, and is guided out of the exit 
surface toward said display means. 

30. The image display apparatus according to Claim 29, wherein at least a partial area makes use of total reflection, 
out of reflection on the reflecting surface of said optical member. 

31. The image display apparatus accorcfing to Claim 30, wherein said optical member comprises at least one curved 
surface. 

32. The image display apparatus according to Claim 31, wherein said illumination optical system comprises at least 
one rotationally asymmetric surface. 

33. The image display apparatus according to Claim 25, wherein said display means is a ferroelectric liquid crystal 
panel. 

34. The image display apparatus according to Claim 25, wherein said light source means comprises a light source for 
emitting light of three colors of R, G, and B and the light source means emits the light in synchronism with image 
display on said display means. 

35. The image display apparatus according to Claim 34, wherein said light source comprises LEDsfor emitting the light 
of the three colors of R, G, and B. 

36. An image display apparatus comprising: 

reflective display means; 

an illumination optical system for making light from light source means incident to a display surface of the dis- 
play means; and 

a display optical system for guiding light from the display means to th pupil of an observer to allow the 
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observer to observe image information displayed on the display means, 

wherein the display optical system is arranged so as not to interfere with an illumination optical path running 
from the light source means to the display means and the illumination optical system is arranged so as not to 
interfere with a display optical path running from the display means to the display optical system. 

5 

37. The image display apparatus accord ng to Claim 36, wherein said display optical system comprises a plurality of 
reflecting surfaces and each of said plurality of reflecting surfaces is comprised of a surface decentered from a prin- 
cipal ray at a center of a field of view. 

10 38. The image display apparatus according to Claim 37, wherein said display optical system comprises an optical sur- 
face acting as a totally reflecting surface and also as a transmitting surface. 

39. The image display apparatus accorting to Claim 38, wherein a reflection film is formed in part of said surface func- 
tioning as a totally reflecting surface and also as a transmitting suiace. 

75 

40. The image display apparatus according to either one of Claims 37 to 39, wherein a surface forming said tisplay 
optical system is comprised of a rotationally asymmetric surface 

41 . The image display apparatus according to Claim 36 or 37, wherein said reflective tisplay means is a ferroelectric 
20 liquid crystal panel. 

42. The image display apparatus according to Claim 41 , wherein polarizing plates whose axes of polarization are 
approximately perpendicular to each other are placed between said light source means and said display means 
and between said display means and said display optical system. 

25 

43. The image display apparatus according to Claim 36, wherein a reference axis ray traveling from said light source 
means to said display means intersects with a reference axis ray traveling from the display means to said display 
optical system only on the display means. 

30 44. An image display apparatus comprising: 

reflective display means; 

an illumination optical system for making light from light source means incident to the display means; and 
a display optical system for guiding fight from the display means to an observation position of an observer, the 
35 display optical system comprising a plurality of decentered, reflecting surfaces each having an optical power, 

wherein a principal ray at a center of afield of view, passing a center of an exit pupil of the display optical sys- 
tem, is emergent at a predetermined angle relative to a normal to an image display surface of the display 
means. 



40 45. The image display apparatus according to Claim 44, wherein said display optical system comprises an optical ele- 
ment in which an entrance surface, a plurality of decentered, curved, reflecting surfaces, and an exit surface are 
made in surfaces of a material. 

46. The image display apparatus according to Claim 44, wherein the decentered, reflecting surfaces each with the opti- 
45 cal power forming said tisplay optical system are rotationally asymmetric surfaces. 

47. The image display apparatus according to Claim 44, wherein said illumination optical system comprises an optical 
element having a positive power and being independent of the display optical system. 

so 48. The image cfisplay apparatus according to Claim 44, wherein said illumination means turns on light of the three pri- 
mary colors of R, G, and B in time series in synchronism with image display on said display means, thereby imple- 
menting color display. 

49. The image display apparatus according to Claim 44, wherein said display means is a ferroelectric liquid crystal 
55 panel. 

50. Th image display apparatus according to Claim 44, wherein said illumination optical system comprises a first 
polarizing plate for forming illumination light linearly polarized in a predetermined direction and said display optical 
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system comprises a second polarizing plate whose axis of polarization is approximately perpendicular to that of th 
first polarizing plat . 
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FIG. 1 
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FIG. 3 

PRIOR ART 



72 




38 



EP1043619A2 



FIG. 4 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 10 
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FIG. 11 
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FIG. 12 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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FIG. 16 
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